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Finish coat is applied directly to TI- 
NAMEL. No cobalt or second and third 


cover coats needed. 
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Resistance. 
TI-NAMEL warps 
less under 
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tures. Save 
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Savings in Your Plant? 


Yes—when you can use TI-NAMEL with a thinner (yet 
just as white) coat. One coat instead of three or more 
means impressive savings in man-hours and materials. Far 
less frit required per job. Use lighter gage sheets safely, 
too, for TI-NAMEL resists warping even under high 
temperatures. And TI-NAMEL has drawing properties 
equal to drawing quality sheets. 


Savings in Shipping? 

With TI-NAMEL, a thinner coat of porcelain 
(approximately as thin as an organic finish) is made 
possible—and that means far less chipping in transit and 
in use, too. Further savings: you can safely use lighter 
shipping crates, effecting important reductions in crating 
costs, tare weight and shipping costs. 


Can You Use TI-NAMEL— 


and benefit by its revolutionary advantages? Find out by 
writing INLAND STEEL now! 


INLAND STEEL COMPANY 
Dept. MM40, 38 South Dearborn Street, Chicago 3, Illinois 


Sales Offices: Chicago, Davenport, Detroit, Indianapolis, Kansas Cify, 
Milwaukee, New York, St. Louis, St. Paul 


OTHER PRODUCTS:—BARS © SHEETS * STRIP * STRUCTURALS © PLATES © TIN PLAR 
¢ FLOOR PLATE © PILING © REINFORCING BARS © RAILS « TRACK ACCESSORE 
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The Materials Outlook 


Apart from the recent shenanigans of 
the UMW and the resulting industrial cur- 
tailment, the business picture has been 
generally favorable, and the view ahead 
is almost everywhere considered good 
.. « at least until midsummer. ... 
Trade volume is currently large; 

incoming business has been above par 
since the first of the year; and good 
backlogs of unfilled orders are still the 
rule. . « « Detroit, steel's biggest cus- 
tomer, would be breaking records were it 
not for the Chrysler shutdown... . 

G.M., Ford, and most of the lesser inde- 
pendents are operating at full throttle 
to meet expected sales waves during the 
next three months. .. . Biggest encour- 
agement comes from machine tool builders’ 
reports. .« « « Recent increase in new 
orders boosted monthly tallies to 

highest peak since August 1946... . 
Significant, in that industries, while 
reducing plant expansion from last year's 
level, are replacing and modernizing 

on at least an equal scale. ... Allin 
all, the statistics make good reading. 

. + « The upturn in industrial output 

and employment which began last Summer 
is still going strong. . . . Primary 
production is outrunning consumption 

of finished goods in some scattered 

lines and inventories are climbing. 


- But, for the nonce, the skies 
are clear. 


Titanium keeps popping up in the news 
with increasing frequency. . . . Latest 
information Spotlights continuous pro- 
duction of titanium or titanium alloy 
, e0ts using magnesium and titanium 
‘etrachloride as raw materials... 
Aeynod not yet fully developed; Battelle 
sate) ae work. . . . Present technique 
bean ale & two-step process ... but 
unit -amately be a single integrated 
ies See Products from reaction 

amber will run continuously into an 
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arc furnace. . ..- Titanium will be 
melted in furnace; magnesium chloride 
and unreacted magnesium will be 
volatilized, condensed, and removed 
while continuously formed titanium ingot 
is withdrawn from bottom of furnace. 

- « e« Purity of titanium thus produced 
expected to be greater than that cur- 
rently resulting from batch methods. 








Contributing to the overall im- 
pression of relatively smooth sailing 
during the months ahead is the materially 
improved volume of steel casting pro- 
duction . .. and the attendant prospect 
of increased manufacturing operation. 

- e« e This optimistic view is engendered 
principally by the revival of advance 
orders for railway equipment, normally a 
comparatively heavy percentage of the 
industry's tonnage. 








Despite the current interest focussed 
in steel, copper, aluminum and other 
Standard metals, don't overlook the 
strides made by lesser-known alloys... . 
Typical of these are the iron-nickel 
specialties. .. . These contain 22 to 
80% nickel and have many diverse 
physicals. . . . Useful in instruments, 
controlling machines, and processing 
equipment as well as in radar, electronic 
and telephone apparatus. . .. Permanent 
magnets of Alnico, widely used in in- 
dustry, have now entered the home. ... 
Used for can openers, children's toys, 
and shower curtain retainers. ... And 
while on the subject of iron-nickel 
alloys, it is of interest to note that 
the use of wood is slowly giving way to 











Inconel (a nickel-chromium-iron alloy) 


(Continued on page 4) 


























































The Materials Outlook coninvec: 


in vineyard equipment in contact with 
one of the best French vermouths. 


Plastics consumption jumped to a record 
high last year; 18% over the 1948 level 
and more than 50% over 1946, the year 
when war-time restrictions on commercial 
applications were lifted. . .. Styrene 
and vinyl are the contenders for leading 
volume honors; together they accounted 
for almost half of last year's con- 
Sumption. . . . Production of thermo- 
plastic molding materials rose 42% over 
1948 . . . but thermosetting compounds 
dropped 29%. . . .« This could portend a 
significant trend for future product 
applications. 


Molybdenum, long used for high tem- 
perature materials applications, enters 
a relatively new field of use: 
Lubrication. .. . New molybdenum—-base 
lubricant can be used alone or added to 
other oils. .. . Provides a low-friction, 
anti-seizing coating to bearing surfaces. 
- « e Material has unusual chemical 
Stability; is unchanged in its properties 
by extremes of temperatures: operates 
effectively at either sub-zero or red- 
heat. .. . Typical uses, aside from con- 
ventional bearing and gear applications, 
include lubrication of deep-drawing dies 
where it is claimed to eliminate hand- 
working of high spots and prevent metal 
pull out, as a pipe-fitting compound, 
and for press-fit work. 























Insuring better gray iron, a new ferro 
vanadium alloy having 7 to 11% silicon 
with a carbon content of about 1% results 
in much more rapid solution than here- 
tofore and completely eliminates hard 
Spots caused by undissolved alloy. ... 
Vanadium content ranges from 38 to 42%. 

- « e High specific gravity of alloy 
reduces tendency to float, in contrast to 
alloys higher in vanadium with equal or 
higher silicon content. .. « Cold 
additions of as much as 0.40% vanadium 














to the ladle are easily dissolved ang 
controlled. .. . Should portend even 
greater advances in the use of gray 
irons . . . materials, which contrary 
to opinion in some quarters, are far 
from obsolete yet. 


Aluminum output is moving into high 
gear to meet the unprecedented demand fo, 
the light metal. . .. Orders are contin. 
ously pouring in, according to industry 
spokesmen, and the producers expect to 
operate primary facilities at peak level; 
at least until late summer. .. . Con- 
tributing to the demand is the addition o; 
aluminum to the Government stockpiles of 
Strategic materials. ... Not to mentin 
the rapidly expanding list of uses which 
apparently grows daily as more and more 
manufacturers redesign their products ty 
take advantage of the light metal's 
characteristics. 





And speaking of aluminum. .. . Current 
production of primary metal reflects 
continuing upward trend which began last 
fall. .. . New production facilities no 
being added throughout the industry to 
boost capacity for future operations. 

- « « Cases in point: Reactivation of idle 
potline by Reynolds at its Jones Mills, 
Ark. reduction plant. .. . New reduction 
works at Port Lavaca, Tex. being built 
by Alcoa which is, incidentally, the first 
facility for making primary aluminum 
built since end of war. 











Newest wrinkle emanating from the Nava‘ 
Engineering Experiment Station at Annap0- 
lis is the use of an “oil-powder" to detec! 
surface flaws and cracks in metals. .-:: 





Film of penetrating oil is first applied 
to surface being inspected, then removed: 
. - - Area is-dusted with nonabrasive de- 
tecting powder. .. . Defects show up in 
red against a white background. . 
Biggest advantage is the speed... - 
Should prove useful in industrial op- 
erations. 
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REVIEW 


Sixth Annual Metal Powder Show and Meeting 


The Sixth Annual Metal Powder Show and Meeting will be 
held on April 25-26 in Detroit, Mich., at the Book-Cadillac Hotel. 
The Show, sponsored by the Metal Powder Association, is open 
to everyone interested in powder metallurgy and will include a 
technical program as well as exhibits by leading producers and 
manufacturers in the powder metallurgy field. 

The technical program will stress the engineering and business 
aspects of the industry. Among the subjects to be covered are 
descriptions of two new metal powders, the uses of metal powder 
parts in the radio and television industry, and a report on the 
outlook for powder metallurgy in various fields. In addition, one 
entire session will be devoted to the popular informal type of 
session at which practically any subject concerned with powder 
metallurgy can be discussed. All technical sessions will be held 
in the Crystal Ballroom, Book-Cadillac Hotel. 

Displays of the latest advances and_developments in the indus- 
try will include those of powder producers, metal powder parts 
fabricators, and equipment manufacturers. The exhibits will be 
shown in the Italian Garden (Book-Cadillac Hotel) from 9:00 
A.M. to 7:00 P.M. on Tuesday and 9:00 A.M. to 5:00 P.M. 


on We Inesday. 


List of Exhibitors 


Exhibitor Booth No. 
eh NR RR TS Ra ea > 
Antara Products Div., General Aniline & Film Corp. .... 12 
Arthur Colton Co., Div. of Snyder Tool & Engineering Co. 5 
a Geach neh Maa hdl ch naki cdisdncenibabrintaenatdosnnnn 23 
Eicothnahdl: Ses Minaainais ami acs sn ssdadesserduatetdevasedacatees 26 
EUOUITIG “IRD TN ee i i ee 4 
Peet) -DUM HMM cocci ceccssinsselasshoaddvestscehscguscossoseais 18 
naiies Tiere teh tet 2S Fs Be le 19 
iatper FIScitics aegis COs - ...<cececorsaneersescssececneesntesvoeseess 22 
Mn l 
Ri gy 10 
Mater | SEAS ye ee ne 6 
ee ht TT ne ee eee 13, 14 
Metals RB as EET ance 606i Vleats Mess eee 16 
New 8 RESTS TEP EE a 9 teats es Pe Oe 25 
Plastics Metals Div., National Radiator Co. ............cccccc000 21 
Pow Metal Products Corp. of America .............000+.. 7 
Pr ngineering and American Machinist ............... 9 
Ray Div., Raybestos-Manhattan, Inc. ...............000.... 17 
Rein P REMIIED, "., Labcaih odie stllscadsllbiaascaa\escese 6 
PJ SES EE SEA OS ETO 11, 20 
K ate Rrpe altat in ath ctl Cl 15 
The ES eee a CORRES) Cs ae 24 
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Program 


Tuesday, April 25 





MORNING 
10:00 A.M. 


AFTERNOON 


2:15 P.M. 


2:30 P.M. 


3:15 P.M. 


4:00 P.M. 


5:30 P.M. 


Wednesday, 


Informal Open Discussion of Powder Met- 
allurgy—Discussion Leaders: Fred P. Peters, 
Vice President, Reinhold Publishing Corp. 
and Editorial Director, MATERIALS & 
METHODS, and T. L. Robinson, President, 
W el-Met Co. 


Welcome by the President, B. T. du Pont, 
Sales Manager, Plastic Metals Dw., Na- 
tional Radiator Co., and Introduction of 
Program Chairman, T. R. Moore, Sales 
Manager, Antara Products Div. of General 
Aniline & Film Corp. 


Thermo Chemical Coated Metal Powders— 
J. E. Drapeau, Jr., Technical Director, Met- 
als Refining Co., Div. of the Glidden Co. 


Cost Accounting, with Reference to Powder 
Metallurgy Products—A. J. Langhammer, 
President, Amplex Manufacturing Co., Sub- 
sidiary of Chrysler Corp. 


Application of Iron Powder in Radio and 
Television Circuits—F. E. Edwards, Chief 
Engineer, Standard Coil Products Co., Inc. 


Reception—Cocktails and Buffet-—Grand 
Ballroom 


April 26 





MORNING 


10:00 A.M. 


10:45 A.M. 


11:30 A.M. 


AFTERNOON 


1:00 P.M. 


A New Type of Stainless Steel Powder— 
George Stern, Director of Research, Amert- 
can Electro Metal Corp. 


The Use of Metal Powder Parts as Friction 
Materials—Francis Lowey, S. K. Wellman 
Co. 


Metal Powders in a Competitive Market— 
John Sasso, Industrial Production Editor, 
‘Business Week’ 


Luncheon—Grand Ballroom 

















2 MORE EXAMPLES 


how manufacturers improved their products .. . 
cut production costs with the aid of 


REVERE PRODUCTS and SERVICE 





UPPER LEFT shows brass shell of the Rev-O-Lite as it comes 
from the bulging die. Without any extra finishing, which would 
have been necessary had shell been made of strip and brazed, 
shell is chrome plated as shown at lower left. At right is the 
completed assembly of the Rev-O-Lite ready for action on 
the roofs of all kinds of emergency vehicles such as police 
patrol cars, ambulances, fire trucks, etc. Chrome finish base 
is of cast zinc alloy. 


1. In the development of their Rev-O-Lite, a revolvin 
warning light for emergency vehicles, the Balford 
Corporation, Jacksonville, Florida, found themselves 
faced with a production problem regarding the cylin- 
drical shell which contains the lights. The question was; 
what would be the most efficient and economical way 
to produce this shell that measures 6” in length and 
is 4%” in diameter at the ends? Should it be formed 
from a metal strip and brazed? Could tube be used and 
bulged in a die? Or, should some other method be 
employed. 

Revere, working with the design engineers of the 
Balford Corporation, exchanged ideas, weighed the 
pros and cons of various methods; experimented. They 
found that by using 70/30 Revere Brass Tube in a 
light anneal temper, it would take the bulging in the 
die satisfactorily and at the same time show up well as 
far as grain size control was concerned. By this method, 
complicated and costly forming operations and braz- 
ing could be eliminated; production speeded and the 
shell formed without any unsightly seam. Also, no 
extra hand finishing would be necessary before plating. 


2. How can you make a letter box plate out of wrought 
brass and at the same time have it look like cast brass? 
This problem of the H. B. Ives Company, New Haven, 
Conn., came up while the Ives engineers were design- 
ing a new type plate employing a new method of inter- 
locking the flap and the frame of the box to insure its 
being weather-tight. 

Casting was ruled out as too costly and —— 
to construct. If brass strip was used it had to be heavy 
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THE LETTER BOX PLATE that is not only one of the first to be 
made from wrought brass but, the Ives Company tells us, has 
been generally accepted by the trade as the equal of similar 
items in cast brass. Another example of what can be accom- 
plished when manufacturer and supplier work together. 


Line drawing directly above shows detail of construction 
with Ives exclusive, Weather-Tite interlocking feature. 


enough to simulate cast hardware, yet sufficiently flex- 
ible to complete a U bend on a 7” length without 
fracture or distortion. Also, because the finished plate 
would in most cases call for a natural brass finish, the 
stock had to be the right color. 

After several consultations with Revere Technical 
Advisory Service and experiments in their own shop, 
it was suggested that Revere sheet brass of .062” 
thickness and of a certain temper be used. That was it! 
The combination of proper design and heavy gauge 
metal resulted in a neat but rugged appearance. The 
wrought construction made it possible to produce a 
Weather-Tite plate with exclusive interlocking feature 
without costly machining operations. In addition, 
finishing costs were reduced to a minimum. 

Perhaps one of the many types of Revere Brass of 
one of the other Revere Metals or Alloys can help you 
improve your product—cut your production costs. 
Why not tell Revere’s Technical Advisory Service 
about your metal problems? Call the Revere Sales 
Office nearest you today. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 


Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; Los Ange’¢s 
and Riverside, Calif.; New Bedford, Mass.; Rome, N. Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 
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About 290 technical papers were 
presented at the annual meeting of 
the American Institute of Mining & 
Metallurgical Engineers held in Feb- 
ruary in New York City. Those pa- 
pers believed to be of most interest 
from a materials viewpoint have been 
briefly summarized below. 


Titanium Binary Alloys 

Three comprehensive reports on 
titanium alloys were presented by 
C. M. Craighead, O. W. Simmons 
and L. W. Eastwood of Battelle Me- 
morial Institute. In the first of these 
papers, entitled “Titanium Binary 
Alloys,” the authors reported on bi- 
nary alloys of titanium with silver, 
lead, tin, copper, beryllium, boron, 
silicon, chromium, molybdenum, man- 
ganese, vanadium, iron and cobalt. 

One-half-pound ingots of the al- 
loys were prepared in an arc furnace, 
employing a water-cooled copper cru- 
cible, an argon atmosphere and a 
water-cooled tungsten electrode. The 
half-pound ingots were fabricated by 
forging at 1700 F in air down to a 
Y4-in. slab, followed by hot rolling at 
1450 F down to 0.060-in. sheet. Ten- 
sile properties, minimum bend radii, 
hardnesses, response to heat treatment 
and aging treatment, and phase rela- 
“lonships were determined for these 
alloys 
Although the range of composition 
of alloys containing silver, lead, tin 
of nickel was not adequate, the lim- 
it€d cata are sufficient to show that 
silver, lead and tin do not produce 


bina: alloys with high tensile prop- 
erties. Beryllium, boron and silicon 
all have extremely limited solubility 
in ; 


ia and beta titanium and are 
ful as major alloying elements, 


Not | 
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News Digest 


AIME Papers Cover Progress in Titanium, Other Materials 


although they may be useful as minor 
additions in complex alloys. Man- 
ganese, chromium, molybdenum, va- 
nadium, iron, cobalt and copper all 
produced binary alloys with fairly 
high tensile properties. Of these, the 
first three are best and copper defi- 
nitely the poorest. 

Unalloyed titanium and practically 
all of the binary alloys are increased 
in hardness when quenched from ele- 
vated temperatures, the increase be- 
ing greater the higher the tempera- 
ture, at least up to 1750 F. Several 
of the binary systems age harden 
slightly after quenching from a high 
temperature and even in the hot- 
rolled condition. 

The available data indicate that the 
best properties of titanium alloys are 
obtained in the as-hot-rolled condi- 
tion, though no data are presented on 
the alloys aged after hot rolling. An- 
nealing produces slightly lower ten- 
sile strength with only a slight in- 
crease in ductility. Although the data 
are limited, cold working the annealed 
alloys does not appear to be beneficial 
since the loss in ductility is accom- 
panied by only a slight increase in 
tensile stress. 


Titanium Ternary Alloys 

The Battelle investigators extended 
their studies to 113 ternary titanium- 
base alloys, reporting their results in 
“Ternary Alloys of Titanium.” The 
compositions investigated are as fol- 
lows: 

1. Titanium-carbon alloys contain- 
ing copper, silicon, vanadium, chro- 
mium, manganese, iron or cobalt. 

2. Titanium-nitrogen alloys con- 
taining chromium. 

3. Titanium-chromium alloys con- 


taining additions of vanadium, mo- 
lybdenum, tungsten, cobalt or nickel. 

4. Titanium-manganese alloys con- 
taining additions of silicon, chromi- 
um, tungsten or iron. 

In general, the addition of 0.25% 
carbon in the ternary alloys produces 
some improvement in the tensile 
strength of the as-hot-rolled alloys 
without a serious sacrifice in ductility. 
At 5 manganese and 0.25% carbon, 
tensile strength of 190,000 psi. and 
4% elongation are obtained in the 
as-hot-rolled condition. Additions of 
0.1 to 0.2% nitrogen to titanium- 
chromium alloys increases the hard- 
ness and strength but slightly lowers 
the ductility of the as-hot-rolled al- 
loys. At 5 chromium and 0.1% nitro- 
gen, 186,800 psi. tensile strength, 5% 
elongation in 1 in., 295 Vickers hard- 
ness and 3t minimum bend radius 
are obtained. The 5 chromium-0.2% 
nitrogen alloy in the as-hot-rolled 
condition increases in hardness when 
aged at 750 F. 

Additions of vanadium, molybde- 
num, tungsten, cobalt or nickel to 
titanium-chromium alloys are gener- 
ally not beneficial. The titanium- 
chromium-cobalt alloys in the as-hot- 
rolled condition age harden appreci- 
ably at 750 F. 

Of the elements introduced into 
titanium-manganese alloys, silicon ap- 
pears to be definitely detrimental. 
Iron increases strength considerably 
but with a sacrifice in ductility. Chro- 
mium additions here have little effect 
on tensile properties, but 1% tung- 
sten may be useful. An alloy contain- 
ing 5 manganese and 1% tungsten 
produces 190,000 psi. tensile strength, 


(Continued on page 49) 
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News Digest 


Fluoborate Electrolyte Offers 
Strong, Ductile Nickel Plate 


The use of fluoborates as an ingre- 
dient in nickel plating baths is not 
new but, up to this time, little data 
have been available on the behavior 
of electrolytes having nickel fluobo- 
rate as the major source of nickel ions. 
A recent investigation by E. J. Roehl 
and W. A. Wesley, however, has 
shown that the high ductility and low 
stress of deposits from the fluoborate 
bath, together with its well known 
high buffing capacity and its good 
conductivity, make the bath attractive 
for rapid plating of heavy deposits. 
Their research was published in Plat- 
ing (February). 


High Mechanical Properties 


The results showed that a good 
general-purpose bath is one contain- 
ing 40 oz. per gal. nickel fluoborate 
and 4 oz. per gal. excess boric acid 
operated at 2.7 to 3.5 pH and a tem- 
perature of 130 F. At 50-amp. per sq. 
ft. current density, deposits from this 
bath have a hardness of 130 Vickers, 
tensile strength of 55,000 psi. and 
elongation of 32% in 2 in. The re- 
sidual contractile stress in fluoborate 
deposits was found to be only about 
two-thirds of that in nickel from the 
Watts bath plated under comparable 
conditions. Good adhesion of nickel 
to steel and copper surfaces is readily 
obtained. 

The tendency to form trees on 
heavy deposits is less than with a 
Watts bath but greater than in the 
chloride bath. The tolerance for im- 
purities seems to be about the same 
as for the Watts and chloride baths; 
in all three baths iron causes an in- 
crease in contractile stress. 

Anode and cathode efficiencies at 
current densities up to 100 amp. per 
sq. ft. are high, not much different 
from those in the Watts bath. The 
fluoborate bath is a high-conductivity 
bath, comparable to the all-chloride 
electrolyte in this respect. 


Corrosion Presents Problem 


Producers of nickel fluoborate do 
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Dr. H. W. Gillett 


Dr. Horace W. Gillett, 66, former 
editorial director of MATERIALS & 
METHOD’s predecessor—Metals and 
Alloys—died March 3 from a heart 
attack near Nicholasville, Ky. Tech- 
nical consultant to Battelle Memorial 
Institute at the time of his death, 
Dr. Gillett was returning to his home 
in Columbus, Ohio, after a Southern 
hunting trip. 

Dr. Gillett was internationally 
known as an authority on metallurgy 
and was often called the dean of 
American metallurgy. He was respon- 
sible for the technical organization 
of Battelle Memorial Institute, and 
served as its first director. He was 
also the inventor of numerous metal- 
lurgical processes and author of scores 
of books and articles on scientific 
subjects. 





He was the first editorial director 
of this publication. During the 13 
years in which he guided the editorial 
policies of this paper, he examined 
and approved all published feature 
material and wrote many articles, 


extended abstracts and correlated 
abstracts, but readers will most likely 
remember him for his pointed, logi- 
cal and witty editorials on the prob- 
lems facing the metal industries. Dr. 
Gillett possessed a powerful and 


pungent pen, an uncommon amount 
of common sense, and a rugged inde. 
pendence of both political and tech. 
nical thought and writing. 

He was one of those who aggres. 
sively pioneered the idea of placing 
the growing science of metallurgy 
on an engineering basis. Although 
he greatly respected the technical and 
scientific leaders in his field, especially 
those who had actually made dis. 
tinguished contributions to its knowl- 
edge, he never under-rated the impor- 
tance of the younger men in the 
field and continually encouraged them 
to present their ideas and to seek 
recognition for the good work they 
did. 

Horace Wadsworth Gillett was 
born in Steuben County, N. Y., Dec 
12, 1883. He received his A.B. de 
gree in chemistry from Cornell Uni. 
versity in 1906 and his doctorate in 
1910. Im that year he was made 
manager of the research department 
of Aluminum Castings Co. in Detroit 
In 1912 he became associated with 
the U. S. Bureau of Mines as an alloy 
chemist, and 12 years later was ap- 
pointed chief of the Division of 
Metallurgy, U. S. Bureau of Stand- 
ards. In 1929, Dr. Gillett was chosen 
to head the newly founded Battelle 
Memorial Institute, and in the same 
year he became editorial director of 
Metals and Alloys. 

By inclination a scientist, rather 
than an administrator, Dr. Gillett 
resigned his Battelle directorship in 
1934, assuming the position of chiei 
technical advisor. In 1942, he relin- 
quished his direction of Metals and 
Alloys to serve on the Advisory Com- 
mittee on Metals and Minerals to 
the War Production Board and as 4 
member of the Research Division of 
the War Metallurgy Committee. He 
retired as Battelle's chief technical 
advisor in early 1949 and since had 
been serving as a technical consultant 
to the Institute. 





not recommend use of lead or high- 
silicon cast iron in contact with the 
fluoborate bath. Although this limits 
the usefulness of the bath, rubber, 
pyrex glass, carbon and certain corro- 
sion resistant steels are said to be 
satisfactory. 


The authors of this paper conc!uc 
that, in spite of the high cost of te 
principal ingredient, the fluoboratt 


bath should be considered wheneve! 
an easily controlled process is desifed 
for making moderately stressed duc- 
tile nickel deposits at a rapid rate. 
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45% elongation in 1 in., 337 Vickers 
hardness number and 3t minimum 
bend radius. This alloy in the as-hot- 
rolled condition appears to age 
harden. 

In the higher alloy ranges, many 
of the ternary alloys studied increase 
in hardness when they are quenched 
from the beta-phase field. The hard- 
ness increase obtained by water 
quenching from 1600 F is accom- 
panied by a loss in ductility. Since 
hardening occurs by quenching from 
or near the beta field, the authors 
expect that useful heat treatments 


may be developed. 


Titanium Quaternary Alloys 


The third and last of this series of 
papers was entitled “Quaternary Al- 
loys of Titanium” and covered 84 
alloys from the following systems: 

|. Titanium-chromium-carbon- 
nitrogen. 

2. Titanium-chromium-carbon with 
copper, vanadium, molybdenum, man- 
ganese, iron or nickel. 

3. Titanium-chromium-nitrogen 
alloys containing vanadium, molybde- 
num or nickel. 

All of the alloys are increased in 
hardness by quenching from the beta 
field, but the tensile properties of 
none are beneficially affected by 
quenching in water from 1600 F. 
Since hardening by quenching from 











Elong., 

Nominal Ult. Ten. % in 
Composition, % Str., Psi. 1 In. 
0.25 C, 0.1 N 163,200 7.0 
0.25C. 0.1 N 183,200 6.0 

r, 1.0V,0.25C 171,900 5.0 
5.0 Cr, 2.0 V, 0.25 ¢ 189,700 3.5 
5 Cr, 1.0 Mn, 0.25 C 162,400 4.5 
5.0 Cr, 1.0 Mn, 0.25 C 177,200 4.5 
> Cr, 2.0 Mn, 0.25 C 137,800 9.5 
5.0 Cr, 2.0 Mn, 0.25 C 194,400 | 0 
3.5 Cr, 2.0 Fe, 0.25 C 190,700 | 6.0 
§ Cr, 2.0 V, 0.2 N 177,200 6.0 
5.0 Cr, 1.0 Mo, 0.1 N 175,000 | 4.5 
r, 1.0 Mo, 0.2 N 190,000 7.0 
1.0Ni, 0.1 N 182,000 5.0 
2.0 Ni, 0.2 N 194,700 3.0 








a temperature in or near the beta 
field is quite marked, however, the 
authors believe useful heat treatments 
may be developed after further in- 
vestigation. Most of these titanium- 
chromium alloys, particularly those 


containing 3.5 and 5% chromium, 
age-harden appreciably in the as-hot- 
ro ondition when subjected to an 
aging treatment consisting of 4 hr. 


at F. 
several of the best quaternary al- 
id their strength and ductility 
Properties are listed in the accom- 
ig table. As yet no corrosion 
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data are available for any of these ti- 
tanium alloys. 

In the discussion following presen- 
tation of these papers, the Bartelle 
investigators revealed that they are 
currently developing a titanium alloy 
expected to have about 200,000 psi. 
tensile strength, 185,000 psi. yield 
strength, 7% elongation and 0.165 
lb. per cu. in. density. The alloy will 
contain approximately 3% chromium 
plus other elements. On the basis of 
strength-weight ratios, the Battelle 
works say such an alloy will be supe- 
rior to the most highly alloyed steels 
now known. 


Other Titanium Papers 

A basic study of the “Effects of 
Three Interstitial Solutes (Nitrogen, 
Oxygen and Carbon) on the Mechan- 








ical Properties of High-Purity, Alpha 
Titanium” was reported by Walter L. 
Finlay and John A. Snyder of Rem- 
ington Arms Co., Inc. These effects 
were determined on fusion-alloyed, 
annealed specimens in comparison 
with a substitutional solute, iron. A 
good correlation between bend duc- 
tility as well as the several micro- 
tensile properties was established for 
both the binary and ternary alloys of 
the interstitial solutes. Moreover, in 
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Working Together for 








Faster Steel Service 


Here’s the team that swings into action the moment 
you contact a Ryerson plant. From the phone girl 
who receives your call to the driver who delivers your 
order it’s a team of specialists who take pride in the 
job of getting steel to you quickly. 

As soon as we take your order, duplicate copies 
are rushed to every person concerned and scheduling 
is completed simultaneously for all departments to 
prevent the slightest delay. In the warehouse, expe- 
rienced steel men select your requirements from cer- 
tified quality stocks. Carbon, alloy and stainless 
steels on hand in most every size, shape and finish 
make it easy for you to concentrate purchases—save 
time and develop lower costs. Then flame-cutters 
flash ... friction saws roar...shears and punches 
crash. Your steel is prepared to exact specifications 
and rushed to the shipping floor according to sched- 


ule. A waiting truck speeds the steel to your door. 

That’s Ryerson steel service—a remarkable ex- 
ample of teamwork that enables us to ship steel in 
any form, to any place, in record time. Whenever 
you need high quality steel—need it fast—we urge 
you to call our nearest plant. 





PRINCIPAL PRODUCTS 
CARBON STEEL BARS —Hot rolled 
& cold finished 


STRUCTURALS—Channels, angles, 
beams, etc. 


PLATES—Sheared & U. M. Inland 
4-Way Safety Plate 


SHEETS—Hot & cold rolled, many 
types & coatings 


TUBING —Seamless & welded, me- 
chanical & boiler tubes 


ALLOYS—Heot rolled, cold finished, | 
heat treated 


STAINLESS—Allegheny b 
plates, sheets, tubes, etc. 


MACHINERY & TOOLS—For n 


fabrication 
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A realistic evaluation of these new irons, variously known 


as ductile, spheroidal or nodular iron, indicates that they 
have a wide range of potential engineering applications 
and in many cases can compete with steel and malleable 


@ GRAY CAST IRON with its free 
graphite flakes in a steel matrix is 
well known for its high resistance to 
mechanical wear and heat checking, 
excellent damping qualities and su- 
perior machinability. These proper- 
ties, depending upon the discontin- 
uity of structure produced by the 
graphite particles, are achieved, how- 
ever, at a sacrifice of strength and 
ductility, thereby limiting applica- 
tions of this material to relatively 
low stressed parts. The greater the 
structural discontinuity produced by 
large flaky graphite, the more pro- 
nounced is the adverse effect on 
strength and ductility. Obviously, the 
smallest loss in physical properties 
will result from a graphite that is 
present in a finely dispersed, well- 
rounded particle. 

_ In view of this, it is of significant 
interest to both the engineer and 
metallurgist that research conducted 
both in this country and abroad has 


resulted in ways and means of pro- 
ducing a rounded graphite particle 
in the as-cast condition. Further than 
that, this graphite particle does not 
seem to be an aggregate of fine flakes, 


but a true carbon crystal body or 
spherulite.” Although the informa- 
enerally available. so far is 
limited, indications are that 
rons have a wide range of po- 
engineering applications. We 
t the sake of simplicity, refer 
material as nodular graphite 
‘ nodular iron as distinguished 
lake graphite iron. 
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castings. 


It is the purpose of this article 
to attempt a realistic evaluation of 
the present status of the develop- 
ment. As relatively few opportuni- 
ties have presented themselves to 
compare notes with other investi- 
gators, most of the data is based on 
results obtained in our own research 
laboratories and foundry facilities. 


Production of Nodular Iron 


The production of nodular iron, 
as is now well known, is generally 
accomplished by a two-stage opera- 
tion. The first stage is that of the 
addition of a small amount of cerium, 
magnesium, lithium, or similar car- 
bide formers which promote the for- 
mation of white iron in an iron nor- 
mally solidifying gray. The second 
Stage is an Opposing stage in which 
a ferrosilicon type of inoculant over- 
comes the tendency toward white 
iron, causing the graphite to precipi- 
tate out in the form of small spheru- 
lites. In general, it can be stated that 
any iron which, including its ferro- 
silicon inoculant, solidifies gray can 
be made nodular by treatment with 
magnesium. 

The choice of the carbide stabiliz- 
ing agent is governed by economic 
considerations which seem to favor 
the use of magnesium. In addition, 
limitations surrounding cerium and 
some of the other metals, such as 
the requirement that the iron in ques- 
tion be hypereutectic, do not apply 
to magnesium. The magnesium can 


Nodular Gray Iron Compared 


with Other Cast Ferrous Metals 














by G. VENNERHOLM, H. BOGART 
and R. MELMOTH, Ford Motor Co. 


be introduced as a relatively pure 
metal, as a nonferrous alloy including 
magnesium, or as a ferrosilicon mod- 
ified with magnesium. It is obvious 
that with a boiling point of around 
2030 F, pure magnesium becomes 
gaseous at molten iron temperatures 
and reacts with explosive force in 
the presence of air. Similarly, the 
magnesium-rich alloys are more vio- 
lent than those containing smaller 
amounts of magnesium. It has been 
found that the recovery of magnesi- 
um in the iron is inversely propor- 
tional to the concentration of the 
alloy. 

Numerous alloys have been inves- 
tigated but most of these have been 
discarded in favor of magnesium- 
nickel, magnesium-copper, and of 
late, magnesium-copper-ferrosilicon. 
The latter is of particular interest 
in that this alloy does not involve 
addition of large amounts of nickel 
or copper. 

The relative amount of magne- 
sium required to produce nodular 
iron depends upon the amount of 
sulfur present in that the first reac- 
tion following the addition appears 
to be the formation of magnesium 
sulfide, thereby removing the sulfur 
from the field of action. This reaction 
proceeds until the sulfur analysis ap- 
proximates 0.02%, at which point 
the magnesium becomes effective in 
changing the form of the graphite. 

Experience has shown that a mini- 
mum of 0.035% magnesium must be 
present in order to effectively pro- 
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Table I— 
Relative Efficiency and Cost of Magnesium Addition Agents 


(Based on Treatment of 0.03% S Iron at 2700 F to Give 0.08% Residual Magnesium) 





























Mg % Mg Alloy Wt. Alloy Cost® 

Alloy Addition Recovery Ton Ton Melt 

6% Mg-10% Cu-Fe-Si* 0.3% 32% 100 Ib. $15.00 

13% Mg-10% Cu-Fe-Si* 0.4% 24% 61 Ib. $10.40 

20% Mg-80% Cu* 0.53% 19% 53 Ib. $21.20 

50% Mg-50% Cu* 0.7% 14% 28 Ib. $11.20 

1 Added to stream at 2700 F. 

2 Added to covered ladle at 2700 F. opment suggests that new alloys and 
® Assuming cost of wy pe Ot new techniques of addition will soon 
rensi oo Sa7ym. appear and obsolete our present 


20 and 50% alloys .. $.40/lb. 


duce completely nodular iron in a 
typical cupola analysis. If the recov- 
ery exceeds 0.1% magnesium, how- 
ever, excessive carbide stabilization 
occurs, ultimately resulting in a stable 
white iron. Table 1 shows the ap- 
proximate recovery in per cent that 
can be expected for various magne- 
sium-copper and magnesium-copper- 
silicon alloys when added to an iron 
containing 0.03% sulfur in amounts 
sufficient to produce nodular iron. 
It must be understood that these fig- 
ures are representative only of the 
particular practice and analysis range 
peculiar to our experimental work 
and should not be treated as a yard- 
stick. Efficiency of magnesium recov- 
ery is influenced by several factors 
which must be carefully controlled 
if consistent results are to be ex- 
pected. The actual amounts of the 
various alloys shown in Table 1 re- 
quired to treat an 0.03% sulfur iron 
at 2700 F so as to recover 0.08% 
magnesium and the anticipated cost 
of magnesium treatment are also 
shown 

The selection of the most practical 
magnesium addition agent must be 
predicated on a proper balance be- 
tween reproducibility in results, efh- 
ciency of magnesium recovery, influ- 
ence of carrier metal on base analysis, 
amount of pyrotechnics consistent 
with safe practice, slag forming ten- 
dency and chilling effect. 

At the present time, our experi- 
ence indicates that the magnesium- 
copper-ferrosilicon alloys meet most 
of the requirements mentioned. It is 
of interest to note that in the initial 
experiments with magnesium-ferro- 
silicon alloys, the reaction proceeded 
spasmodically with an appreciable 
amount of spatter and produced a 
crusty slag. With the addition of 
copper to these alloys, the spatter 
was eliminated and the slag became 
much more workable. The rapid 
progress being made in alloy devel- 
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thinking. 

The temperature of the molten 
iron has a considerable bearing on 
the relative magnesium recovery and, 
consequently, on the economy of the 
operation. The lower the temperature 
consistent with safe operation, the 
greater is the recovery. Whereas in 
Table 1 the recovery from a 6% 
magnesium-copper-ferrosilicon alloy 
is about 32% at 2700 F, the expected 
recovery at 2500 F, could such a 
temperature be used safely, is ap- 
proximately 45%. The chilling effect 
of the magnesium alloy and the in- 
oculant necessitates treating the base 
metal at a considerably higher tem- 
perature than that required for the 
satisfactory pouring of the casting 
(approximately 150 F in the case of 
the 6% magnesium alloy). 

This would seem to favor the mag- 
nesium-rich alloys such as 50% mag- 
nesium—50% copper, where smaller 
quantities of the carrier element are 
required. The increased volatility of 
these alloys, however, with the re- 
sultant safety hazard, more than off- 
sets this advantage, nor does their 
use appear to be justified on a basis 
of cost. 

The source of the molten metal, 
be it blast furnace, cupola or electric 
furnace, does not seem to have any 
appreciable influence on the casting 
or engineering properties of the no- 
dular iron family. This is not to say 
that the properties are independent 
of the chemistry, for we must em- 
phasize that definite chemical limita- 
tions exist, especially in the manu- 
facture of the more ductile forms of 
iron. 

Relatively few foundries have any 
choice in the matter of melting equip- 
ment as the large majority, espe- 
cially in the gray iron industry, are 
equipped only with cupolas. The ap- 
preciable sulfur pick-up associated 
with cupola operations is a distinct 
disadvantage in that most of this 
sulfur must be eliminated before the 
magnesium treatment becomes effec- 





tive in reshaping the graphite. This 
can be done either by convenriona| 
desulfurizing methods or the use of 
additional amounts of magnesium 4]. 
loy over and above that required fo, 
carbide stabilization. The cost of such 
treatments is an appreciable facto, 
which cannot be overlooked. Those 
foundries which are equipped with 
electric furnaces may find it advan. 
tageous to use these units instead, as 
then a base iron of initially low 
sulfur at controlled temperatures cap 
be produced, thereby minimizing the 
amount of magnesium alloy required, 

Regardless of which unit is s¢. 
lected for the manufacture of nodular 
iron, a thorough understanding of 
the effect of the various elements on 
resultant properties is necessary in 
order to determine the proper chem. 
istry to meet physical requirements 

If the emphasis is on high strength 
with ductility as a secondary factor. 
a conventional cupola iron can be 
treated. The microstructure of such 
an iron, as indicated in Fig. 1, is 
composed of a lamellar pearlitic 
matrix with spherulites interspersed 
Should the emphasis, however, be o 
high ductility and resistance to im- 
pact (as cast), the effect of manga- 
nese and phosphorus and, to a lesser 
extent, silicon and carbon must be 
carefully considered. 

Manganese adversely affects the 
ductility and should, therefore, b 
kept as low as economic consid- 
erations permit, preferably around 
0.15% and not over 0.30 Phos 
phorus, as is well known, has a pro- 
nounced embrittling effect and must 
not exceed 0.04% for maximum duc- 
tility and impact. 

Although high silicon and _ high 
carbon are desirable in that the 
promote ferrite precipitation and 
consequently, produce irons of maxt- 
mum ductility, it must be borne in 
mind that amounts of silicon in 
excess of 3% begin to harden the 
ferrite with resultant decrease in duc- 
tility. Similarly, high carbon contents 
tend to produce more and usually 
larger nodules and, as a result, de 
crease strength, ductility and modu- 
lus of elasticity. Maximum ductility 
is, therefore, affected through a prop- 
er balance of these various elements 
The microstructure of such an fon, 
as shown in Fig. 2, is composed 0! 
a lamellar pearlitic matrix with larg! 
bull’s-eye ferrite surrounding each 
spherulite. 


Heat Treatment and Section Size 
Nothing has been said up to 10W 
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about the response of these irons to 
heat treatment. The very nature of 
the as-cast structures, however, sug- 
gests that they will respond in a 
manner similar to cast iron and mal- 
leable. Numerous tests have shown 
this to be the case, thereby further 
broadening the potential field of ap- 
plications. 

Ir must be remembered that we 
are dealing with two distinct ma- 
terials which, as a result of relatively 
small differences in chemistry, ex- 
hibit decidedly different degrees of 
ductility in the as-cast condition. This 
is clearly demonstrated in Table Il, 
which also shows the effect of section 
size on physical properties in the 
as-cast, annealed, and quenched and 
rempered condition. It must be 
pointed out that the magnesium ad- 
dition selected for this test was 
based on 2-in. cross section in order 
to demonstrate the relationship be- 
tween section size and the amount 
of magnesium required. An examina- 
tion of the microstructures shows 
that the loss in properties in the 
heavier sections is, to a large extent, 

result of insufficient amounts of 
magnesium. It is of interest to note 
that the presence of the higher man- 
ganese content in the high strength 
iron appears to augment the magne- 
sium. The selection of the proper 
amount of magnesium for a given 
size casting, therefore, must be pred- 
icated on the average casting size in 
order to Obtain completely nodular 
graphite in the*heavy section without 
inducing excessive chill in the light- 
est section. 

In the interest of practical heat 
treat applications, the 2-hr. treatment 
at 1520 F in Table II producing an 
iron with an elongation of about 
17% and a Brinell hardness of 163 
is compared with the longer treat- 
ment of 1750 F for 2 hr., furnace 
cooling at a controlled rate to 1200 
F, resulting in an elongation of 19% 
and a Brinell hardness of 148. Much 
higher ductilities, such as 25 to 28% 
have been reported by some investi- 
gators, but these can only be achieved 
by long heat treat cycles, which seem 
a bit impractical except in specific 
cases where the properties developed 
can be fully utilized. 

Che response of nodular irons to 
ig treatments, either local or 
good. By oil quenching from 

| and tempering, properties as 

indicated in Table II can be readily 

Some typical microstructures 

from these various treat- 
fe shown in accompanying 
icrographs. 


Nodular cast irons of normal gray 
iron compositions are more suscep- 
tible to chill in light sections than 
in the base metal. It has been our 
experience that it is difficult to avoid 
chilling in sections less than 3/16 in. 
unless a high silicon iron is used 
with the resultant detrimental effect 
on physical and other properties. 

The effect of section size on the 
uniformity of physical properties is 
not noticeable in cross sections up to 
about 4 in. Above this thickness the 
ductility falls off rapidly and con- 
tinues to do so but at a decreasing 
rate as the section size is further in- 
creased. This is true not only in the 
as-cast but also in the heat treated 
condition. 


Other Properties 


Castability—The fluidity of prop- 
erly treated nodular irons compares 
favorably with that of the base iron 
at the same temperature. Occurrence 
of persistent oxide films on the sur- 
face of the treated metal cannot be 
minimized, as the surface condition 
is a direct function of the magnesium 
residual. The gating and risering 
technique, because of the high liquid 
shrinkage, becomes a compromise be- 
tween cast iron and steel. Pattern 
shrinkage depends somewhat upon 
the base iron, whether high or low 
carbon, but in general is 1/16 to 
lg in. per ft. 

Machinability—The statement has 
frequently been made that the ma- 
chinability of nodular iron is much 
better than that of conventional cast 
iron. Such a statement is apt to be 
misleading unless it is explained that 
the comparison is predicated on ma- 
terials of similar physical properties. 
When such is the case, it is true that 
nodular irons machine better than 
flake irons. As the latter, however, 
are generally used in a _ hardness 
range of from about 167 to 248 
Brinell as against 228 to 300 Brinell 
for nodular irons in the as-cast con- 
dition, any statement not clarified 
might be misunderstood. 

We are, at the present, in the 
process of establishing the true ma- 
chinability relationship between no- 
dular iron and other graphitic mate- 
rials. Although this work is far from 
complete, some basic machining data 
shown in accompanying charts may 
be of interest. 

Wear Resistance—The resistance 
of nodular irons to lubricated wear is 
excellent, particularly in the absence 
of any free ferrite, and compares very 
well with gray cast iron. Although 




































































Fig. 1—Microstructure of high strength type 
nodular gray iron. 


Fig. 2—Microstructure of high ductility 
type nodular gray iron. 


Fig. 3—There is some evidence that nodular 

iron can be worked around 1750 F with 

good results. Shown here is the structure 
of hot worked material. 
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Table Il—Influence of Section Size and Thermal Treatment on 


Nodular Irons 

























































































High Strength 
Impact 
Sect. Ft.-Lb. 
Thermal Thick., | Y.P. TS. Elon. R.A. M.E. | (0.798- 
Treatment In. Psi. Psi. % 2 In. % B.H. x10° | In. Dia.) 
As-Cast 1 67,500! 87,200/ 1.5 0 269 | 23.0 39 
2 67,000} 80,800} 1.2 0.55 | 262 | 23.0 eae 
4 |63,100| 70,700} 1.2 1.0 | 241 23.6 om 
6 59,800} 65,200| 1.2 0 229 | 22.7 _ 
Ce 59,000! 61,400| 1.2 0.5 229 | 23.5 dens 
Anneal 1320 1 61,500| 85,400/| 3.0 2.5 229 | 228 183 
F 2 Hr., Air 2 56,600! 74,700} 3.2 2.2 197 21.5 ue 
Cool 4 55,200! 69,200| 2.0 1.5 197 23.6 eae 
6 57,500/ 65,900/| 2.0 1.0 | 217 22.2 7 
s 54,500} 62,500} 1.5 1.0 | 212 22.8 asi 
Anneal 1750 1 51,200! 78,700} 7.0 45 187 | 224 ina 
F2Hr., Slow) 2 50,800} 71,600} 8.0 5.5 179 | 21.7 hee 
Cool 4 50,200} 69,800} 3.5 2.5 183 | 23.1 a 
6 50,700! 66,400} 3.0 2.0 | 183 22.4 ons 
8 50,200! 66,800} 4.0 2.8 183 22.3 
1550 F1Hr.| 1 | 95,200} 104,100/| 3.0 3.0 | 269 | 21.9 ibe 
Oil Quench 2 94,500! 99,800| 3.2 2.5 269 | 22.5 bein 
Draw 2Hr.to| 4 89,100} 89,700} 1.8 1.5 | 262 21.9 att 
Brinell os | 6 88,200} 89,700] 1.5 1.2 255 314 — 
Shown. | 8 85,500; 86,300} 1.0 | 1.0 | 255 228 | — 
High Ductility 
As-Cast 1 52,800} 74,700| 11.0 | 88 | 187 22.1 50 
2 | 52,200] 71,800} 7.5 | 7.5 | 187 22.3 et 
4 | 40,000! 50,900| 2.0 1.8 175 19.7 _ 
6 | 37,800} 45,200/ 3.0 1.2 148 18.8 _ 
| 8 31,400! 41,000} 2.5 1.0 141 17.4 aie 
Anneal 1320 | 1 48,900! 66,200 | 17.2 | 15.0 163 22.2 260 
F2Hr, Air) 2 47,500} 63,300 | 12.5 | 11.0 163 2119 | — 
Cool Se 36,800} 48200] 4.5 3.0 | 148 20.1 ae 
aS 37,200! 42,800} 3.0 1.5 144 18.8 es 
| 8 33,200! 40,000 | 2.0 1.2 | 138 18.3 . 
Anneal 1750 | 1 45,500| 63,300} 19.0 | 16.0 | 148 Rn cin 
F2Hr., Slow) 2 42.900| 60,300| 14.5 | 13.8 | 143 oe ea 
Cool 4 34,000} 44,100} 4.0 | 3.0 134 17.8 a 
6 34,500 41,200| 3.0 | 1.8 131 17.0 ili 
8 | 34,100] 36,600} 2.0 | 1.0 | 128 17.0 ts 
I550F1Hr.,{ 1 | 91,800| 107,300} 3.5 | 3.2 | 269 | 214 poe 
Oil Quench, | 2 | 87,000| 101,900| 3.0 3.0 | 269 21.4 sid 
Draw 2Hr.to| 4 | 82,000} 83,400| 0.5 0.5 | 262 19.0 es 
Brinell as 6 | 63,000 | 66,800 | 1,0 0 214 17.3 a 
Shown | g | 61,200! 62,900} 05 | O 229 | 16.7 en 

















we have had no experience with its 
behavior in conjunction with dry 
wear, the very nature of the graphite 
formation leads us to assume that the 
resistance to heat checking is lower 
in nodular iron than in cast iron, and, 
consequently, that the resistance to 
dry wear will be lower. Some data 
have appeared in the literature which 
tend to substantiate this assumption. 


Applications and Cost 


It is only natural that our analysis 
of the uses to which this material 
can be put is influenced by the ex- 
tensive application and outstanding 
success that non-flaky graphitic ma- 
terials have had in our own manufac- 
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ture. This has been especially so in 
the case of our 1.0 and 1.50% carbon 
cast graphitic steel, the latter of 
which is used in our current crank- 
shafts. Some 20 million of these 
cranks have given excellent perfor- 
mance in service. 

In an attempt, however, to ap- 
proach the subject on a broader plane, 
we would like to break down the 
potential uses to which nodular iron 
might be applicable into four groups 
on the basis of engineering proper- 
ties. 

The first of these is that entire 
field where a non-flaky graphite in 
a selected matrix has proved so suc- 
cessful. From an engineering stand- 
point this would place nodular iron 


in direct competition with the yajj. 
ous types of malleable irons as wel 
as with our own graphitic steels, Ap 
extensive testing program to evaluate 
the suitability of nodular iron ag , 
replacement for our present graphitic 
steel in the manufacture of crank. 
shafts has been underway for aboy; 
two years in the Ford Motor Co. The 
results to date are promising. 

The second field where this mate. 
rial might find application is as , 
replacement for conventional cas, 
iron where the strength, modulus 
impact, etc. has proven inadequate 
or as a material competitive with 
the high strength and acicular irons, 

Third, nodular iron might find ap. 
plication as a replacement for steel 
castings where the castability or ma. 
chinability of the part in question 
might dictate its consideration. A 
noteworthy example of this is the 
work at Cooper-Bessemer cited by 
Eagan and James (Iron Age, Dec. § 
and 15, 1949) where nodular iron 
castings are indicated as comparing 
quite favorably with steel castings for 
component parts of engines anc 
compressors. 

Finally, there is some evidence tw 
indicate that nodular iron can be 
hot worked in the neighborhood of 
1750 F with good results. As our 
own experience in this field has been 
rather limited, we will cite some of 
the very interesting work that Rehder 
is carrying out in the Laboratory of 
the Department of Mines and Re- 
sources in Ottawa, Canada. Rehder 
has been successful in hor rolling 
3-in. cast slabs in two heatings to 
7/16-in. plate with a resultant tensile 
strength as rolled in the order of 
140,000 psi. with 4% elongation. 

The structure of hot worked m:- 
terial, as shown in Fig. 3, is similar 
to that of wrought iron, except that 
there is practically no pearlite in 
wrought iron whereas the matrix in 
as-rolled nodular iron is completely 
pearlitic. From these findings Rehder 
concludes that, since for the produc- 
tion of such material blast furnace 
iron could be treated at the furnace 
and the ingots rolled directly int 
plates or bars, the cost should b 
lower than for steel; this immediatel) 
suggests its use for concrete feil- 
forcing bars, etc. 

In order to critically evaluate th 
importance of nodular iron, it m4) 
be helpful to study Table III whic 
shows a tabulation of physical prop 
erties representative of various (5 
ferrous alloys and some figures pet 
taining to their relative cost of mat 
ufacture. 
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Since it has not been possible, in 
our work, to develop any exact data 
on cost, these figures have been ar- 
rived at by using basic costs of raw 
materials, cost of magnesium alloys 
and treatments as indicated by our 
experimental work, conversion costs 
for various types of melting units 
as listed by Gregg (Foundry, Feb. 
1949), and standard assumption as 
to melting and heat treating practice. 

Ir is evident that these figures can 
only serve as a guide in comparing 
the materials and conditions listed in 
the tables and must be modified ac- 
cording to the practice peculiar to 
each particular foundry. 

Assuming that the approach is 
valid and that the material, conver- 
sion and heat treat costs are represen- 
tative, the following conclusions seem 
justified : 

|. That there is no immediate 
economic advantage in replacing 
present malleable iron castings 
with nodular iron, but that its 
early application in the malleable 
field may be limited to section 
sizes larger than those possible at 
present. 

2. That the competition with 
gray irons will be solely on the 
basis of improved engineering 
properties except in the case of 
alloy irons where an economic ad- 
vantage is indicated. 

3. That the use in the steel 
foundry industry will probably be 
limited to cases where improved 
castability and machinability will 
offset an increased cost of manu- 
facture. 

In summarizing the foregoing dis- 
cussion, it can be said that nodular 
iron offers an engineering material 
which possesses properties never at- 
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tained in flake graphite cast iron. The 
potential applications for this ma- 
terial seem to be many and varied, 
but it is entirely too early to predict 
all of its eventual uses. Currently, 
certain economic barriers exist, such 
as cost of treatment and the need 
for high-priced raw materials. Indi- 
cations are, however, that research in 
this country and abroad will soon 
lead to developments which will per- 
mit nodular irons to assume a much 
more competitive role and thereby 
come into their full use. 
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2" SECTION 


Effect of section size on microstructure of 

quenched and tempered nodular iron. 

Above, high ductility type; below, high 
strength type. 


Table I11—Properties of Nodular Iron and Other Ferrous Metals 
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| Alloy Iron} Malle- | Pearlitic | _—_—______—— 
| Gray | Ni, 0.80} able /|Malleable| Steel | High High 
| tron | Cr, 0.20 SAE | SAE SAE Steel | High Ductility Ductility 
Property | SAE 111 | Mo,1.00| 35018 43010 | 0030 SAE0105 | Strength (As Cast) | Annealed 
Yield Point, Psi. | — | a 35,000 | 43,000 | 35,000 85,000 80,000 | 55,000 | 45,000 
Tensile Strength, Psi. | 30,000 | 70,000 | 53,000 | 60,000 | 65,000 105,000 100,000 80,000 | 65,000 
Elongation, % | — — Ss + 8 24 17 1.5 oh ee 
Reduction in Area, % — — | — — 35 35 1.0 a 20 
Brinell Hardness 190 286 130 | 170 co ee 217 255 190 160 
Modulus of Elasticity 19x 10°} 21x10°; 25x10°| 25x10°| 30x10°| 30x10° 24x10°| 24x10*| 24x10° 
Impact Ft.-Lbs., 0.798-Dia. Bar 10 20 — — — — 40 180 260 
Typ of Melting Unit Cupola Cupola | Cup. El. | Cup.El.| E.Fce. | | E. Fee. Cupola Cupola Cupola 
eat Treatment None None Anneal | Anneal | Anneal | Quench & None None Anneal 
temper 
Casting Yield, % 80 75 52 50 50 50 70 70 70 
Metal Cost per Ton Castings: | | 
Raw Material $40.81 | $70.73 | $40.40 | $40.95 | $31.85 | $46.84 $59.64 $63.86 $63.86 
Conversion | 675 | 7.20] 1460] 15.18 | 31.83 31.83 7.71 8.65 | 8.65 
Hest Treating } — | — | 9,00 9.00 | 9.00 18.00 — — | — 6.00 
ait | $47.56 | $77.93 | $64.00 | $65.13 | $7268 | $96.67 | $67.35 $72.51 $78.51 


































The pressing of metal powder parts is critical from the standpoint of 


design. Shown here are the essential elements of the pressing operation. 


Designing Structural Parts for Powder Metallurgy 


Soundly engineered metal 
powder parts and their ef- 
ficient production requires 
close cooperation between 
user and fabricator and a 
knowledge of the method's 
design limitations. 
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by H. R. CLAUSER, Managing Editor, Materials & Methods 


@ THE SUCCESSFUL USE of powder 
metallurgy for producing structural 
parts depends to a large extent on 
proper design. Like other fabricating 
methods, it has design limitations 
which must be considered to produce 
a soundly engineered product and to 
facilitate efficient low cost production. 
This article will point out some of the 
main design considerations and will 
give two case histories to illustrate the 
advantages of designing specifically 
for powder metallurgy. 

It is a Common engineering axiom 
that a part should be designed always 
keeping in mind the method by which 
it is to be produced. Therefore, metal 
powder structural parts should be de- 
signed specifically for the process. 









However, since powder metallurgy 1s 
still relatively young compared 


such methods as machining, ca 
stamping and forging, the n 


if 


sting, 


cura 


tendency is to base designs on older, 
conventional methods of production 


This has in many instances pre 
using powder metallurgy to be 
vantage. 


In order to design specificall) 


powder metallurgy, there m 
close cooperation between the 
powder parts user and the fab 
particularly in the initial sta 
planning and design. As in des! 
for any method of production, 
powder parts should be desig: 
close conjunction with the ent 
sembly. By giving the fabricat 
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opportunity to review the design of 
the part in relation to the whole 
assembly before designs are frozen, 
changes in the assembly can often be 
effected which make possible a design 
which is better fitted to metal powder 
fabrication. And not infrequently 
does such a survey of the entire as- 
sembly reveal other parts which could 
he made by powder metallurgy with 
resultant simplification and reduction 
in costs. 

Closely related to design is the 
tooling required to produce the part. 
Once it has been decided to make the 
part of metal powder, tool and part 
design should proceed together until 
a satisfactory part design and practi- 
cal tools and dies have been devised. 
As is frequently the case, the initial 
design is not the most practical from 
the standpoint of tooling. By consul- 
tation between the designer and fabri- 
cator small design changes in the part 
can often be effected that will permit 
the use of simpler tools and also 
facilitate actual production. 

When relatively simple parts, or 

parts of a type previously produced 
re being designed, the final produc- 
tion tools are usually made without 
first experimenting with temporary 
tools. However, where untried-.and 
complex parts are involved and where 
it is practical and economical to do 
so, temporary tools and sample parts 
are sometimes made to test the feasi- 
bility of using powder metallurgy 
before going “into production. This 
permits tests to be made on the actual 
part. It also gives information on 
whether the tool design is practical 
nd whether the proper powder com- 
position is being used. However, it 
should be pointed out that develop- 
ment work such as this raises the 
over-all cost, whether it is done by the 
custom fabricator or by an in-plant 
department. Nevertheless, with types 
of parts on which there has been no 
or little previous experience, such a 
procedure may be necessary and can 
often prevent misapplication or scrap- 
ping of costly production tools. 


Some Design Limitations 


\s is well known, production of 
metal powder parts involves two 
Major Operations—pressing and sin- 
Pressing is most critical from 
ndpoint of design. The feasi- 
f making a part by pow- 


cer metallurgy depends largely upon 
wi r or not the dimensions, shape, 
det nd density can be obtained 
DY : 


sing the powder in the die. 
gh space does not permit a 
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detailed discussion of all design con- 
siderations, it might be well to men- 
tion the major limiting factors that 
must be kept in mind. 

One of these is lack of lateral flow 
of metal powders before and during 
pressing. Therefore, the design mist 
be such that the powder can be 
placed in the die in its relative final 
mold location. Another major limit- 
ing factor is that the pressing pressure 
is exerted only from top and bottom 
and not from the sides. This presents 
problems of getting uniform density 
throughout the piece. And the third 
limiting factor is the tools. Since the 
tools and dies are subject to enormous 
pressures, shapes that require a weak 
tool design must be avoided. 

The above factors either alone or 
together account for a large share of 
the design limitations. Some of the 
most important of these are: 

(1) In general, lengths of parts in 
the direction of pressing are limited 
to 2 and 3 in. 

(2) Feather or knife edges, nar- 
row and deep splines, and small thin 
projections should be avoided. 

(3) True spherical sections are 
generally not practical unless there is 


a small land or flat of 0.010 to 0.020 
in. on centerline. 

(4) Holes not parallel to direction 
of pressing cannot be formed. 

(5) Internal or external threads, 
reentrant angles and undercuts cannot 
be molded. 

(6) The limiting ratio of axial to 
radial dimensions is generally put at 
3 to 1, but it sometimes goes as 
high as 7 to 1. 

(7) Variations in thickness in di- 
rection of pressing are usually limited 
to three, although as many as five 
have been successfully molded with 
special set-ups. 

(8) Sharp corners and edges 
should be avoided by use of bevels, 
fillets and chamfers. 


Metal Powder Padlock 


The pin tumbler padlock, consist- 
ing of a number of metal powder 
parts made by American Sintered Al- 
loys, Inc. for Reese Padlock Co., is 
an excellent example of how powder 
metallurgy is used to best advantage 
when the assembly is specifically de- 
signed for this method of production. 


Fig. 1—Pin tumbler padlock and the four parts made by powder metallurgy. The lock 
body has been sectioned to show design detail (bottom). Also shown are outer cylinder 
(left), inner cylinder (right) and bolt (center). 

















Lock cylinders, alone, had previously 
been made from brass powders; their 
successful performance and savings in 
production costs prompted considera- 
tion of powder metallurgy for other 
lock components. As a result Reese 
Padlock Co. developed a design with 
powder metallurgy in mind as one of 
the possible methods of production. 
They submitted the original drawings 
to the fabricator, who suggested 
changes that should be made to take 
full advantage of powder metallurgy, 
and these were incorporated in the 
redesign. 

The final design called for all major 
components of the lock, except the 
hardened steel shackle, pins and 
springs to be produced by powder 
metallurgy. The brass powder com- 
ponents are shown in Fig. 1, and in- 
clude the lock body, inner and outer 
cylinders, and the bolt. The inner 
cylinder fits into the outer cylinder 
and this assembly push fits into the 
opening provided in the lock body. 
The bolt rests at the bottom of the 
body opening and slides in a channel 
provided there. 

The components are made of an 
80-20 leaded brass powder using con- 
ventional powder metallurgy produc- 
tion methods. The parts are pressed 
at between 30 and 50 tons psi. and 
have a sintered density of between 
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Fig. 2—Two metal powder gears showing the design first used. 


7.9 and 8.2 gm. per cc. Since the ma- 
terial is somewhat softer than cast 
metal, a little more care must be 
exercised in production handling. The 
finish on the parts is excellent and 
the lock body is easily finished to a 
dull hardware finish with a 180 grit 
belt to remove any marks or knicks 
caused in handling. 

An important factor in deciding 
on powder metallurgy was the low 
initial investment compared to mak- 
ing the lock components of machined 
extrusions. The entire tooling pro- 
gram, including jigs, milling machine 
fixtures, gages, assembling fixtures as 
well as powder metallurgy tools, ran 
under $10,000, which is considerably 
below that which would be required 
if the lock had been made by other 
methods. 

The lock body is approximately 
14 in. long by 1% in. high and is 
¥%4 in. thick across the center. The 
sectioned body in Fig. 1 shows the 
unique design made possible by pow- 
der metallurgy. It permits the use of 
shoulders near the bottom of the hole 
to act as a stop for the cylinder as- 
sembly, and also permits inclusion of 
the channel or track in which the 
bolt slides. These internal design fea- 
tures are gained without additional 
operations subsequent to pressing and 
sintering. This relatively simple lock 





body. design is not possible if any 
other production method were to be 
used. For example, the end of the 
cylinder hole where the bolt slides 
could not be machined to the required 
shape at a reasonable cost. 

A further advantage of th 
body design is that it made possibl 
redesign of the bolt so that | 
could be produced by powder metal 
lurgy. On the first pressings it was 
found that the top surface of the bolt 
“brinelled” by impact from shackle 
upon repeated closing of lock. This 
condition was eliminated by a change 
in powder composition to give in- 
creased hardness. 

The original design of the lock 
body specified that the shackle holes 
should be molded ir. The holes are 
approximately 14 in. in dia. and the 
deeper of the two is about 1 in. long 
For most practical tooling and pfo- 
duction, the fabricator recommended 
that these holes not exceed 4 in. 10 
depth. Therefore, the design was 
changed so that now the holes art 
spotted and later drilled in a subst 
quent operation. 

The design of the inner and 
cylinders serves to illustrate some ‘ 
the things that can and cann 
done by powder metallurgy. Both th 
lead to the keyway and the keywa} 


in the inner cylinder show the ntt! 
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cate shapes that can pe successfully 
obtained without the need of subse- 
quent machining. This is possible 
largely because the keyway runs paral- 
iel to the direction of pressing. 

On the other hand, the pin holes 
ia both cylinders cannot be molded, 
but must be drilled, because they are 
at right angles to the direction of 
pressing. Also, the groove at the one 
end of the inner cylinder represents 
an undercut that cannot be formed 
by pressing. However, most other 
methods of production would also 
require these machining operations. 

The tolerances between the two 
cylinders and between the outer cylin- 
der and lock body are quite critical. 
The clearance between the outer and 
inner cylinder must be about 0.004 in. 
for proper operation, and the outer 
cylinder must have a push fit into the 
body. 


Metal Powder Gears 


The case of two gears produced by 
Moulded Metals Co., Inc., for use in 
| metering device provides another 
good example of how to design spe- 
cifically for powder metallurgy. These 
two parts are shown in Fig. 2. One 
of the gears functions as an intermit- 
tent drive gear and in operation starts 
and stops instantly in repetitive cy- 
cles. Therefore, it must be wear re- 
sistant and strong enough to with- 
stand a mild shock loading. The other 
isa clutch spindle gear and has much 
the same service requirements as the 
irst. Both gears are subjected to 
metal-to-metal contact. 

The two gears are similar in gen- 
eral design. They are approximately 
2/8 in. in dia., and have 38 teeth. The 
drive gear has a keyway in the hub 
whose position in relation to the gear 
teeth is critical and must be held to 
within less than 1 deg. Other critical 
tolerances run between =£0.002 and 
0.003 in. 

: The gears were formerly fabricated 
by brazing the hub to a 1020 steel 
orging. This method of production 
required expensive machining and 
hobbing operations in addition to the 
brazing step. By producing them by 
powder metallurgy methods it was 
Sipe a the cost per gear could 
© Cut 60%. This cost reduction has 

lized in spite of the fact that 
the part of metal powder 
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The sequence of Operations to pro- 
duce th, 


Operation and two sinterings. 


(gears is as follows: (1) 
Press at 40 ton psi. in a hydraulic 
Press; (2) sinter at 2100 F for 15 
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min.; (3) repress almost to size at 
same pressure; (4) sinter at 2100 F 
for 40 min.; (5) coin to final size. 
The final sizing actually burnishes the 
gear teeth so that no other finishing 
operations are needed. Hardening of 
the teeth is not required. Tests on 
hardened gears showed no increase 
over the as-sintered gears in wear 
resistance. 


The gears at present are being 


made of iron powder with 1% 
graphite, which gives strengths of 
between 40,000 and 45,000 psi. It 
is planned to change to a 95 iron-5% 
copper powder which will increase 
the strength to around 50,000 to 
55,000 psi. Before the metal powder 
gears were finally decided upon, sev- 
eral simulated service, long life tests 
were conducted. The drive gear, for 
example, was subjected to 7,000,000 
operations, at the end of which it was 
deliberately jammed while in cycle. 
No damage to the gear resulted, al- 
though the mechanism of which it is 
a part failed. Also the test produced 
no appreciable wear on the gear teeth. 

The original design of these gears 
for powder metallurgy differed little 
from the forged and brazed assembly. 
The web joining the hub and gear 
ring, for example, was solid. Since 
this large surface area would have 
required an exceptionally large press, 
the gear was redesigned with spokes 
replacing the solid web, thereby cut- 
ting down considerably on the mold- 
ing area. 

Although this design proved satis- 
factory, and several thousand gears 
were produced, it was found that with 
certain additional design changes pro- 
duction could be further facilitated 


Fig. 3—Drawing of the redesigned drive gear. 


and the cost per piece reduced another 
15%. Fig 3 shows the drawing of the 
redesigned drive gear. It will be noted 
that the spokes have been replaced by 
a web containing ten holes. Also, the 
small pin projection present on the 
hub in the other design is not molded 
along with the gear; a steel pin insert 
is now pressed into the hub in a 
subsequent operation. 

The advantages gained by this re- 
design are many: (1) Tool design is 
simplified, thereby reducing tooling 
costs. The die set for the first design 
consisted of 21 parts as compared to 
16 in the new design. Whereas the 
spoke design required four separate 
carefully ground die pieces, the new 
web design requires only one with 
core pins to form the holes. (2) 
Elimination of spokes permits a 
smoother hub bearing surface to be 
formed in pressing, thereby eliminat- 
ing a machining operation. (3) Pres- 
sing of the metal powder compact is 
simplified by elimination of the four 
spoke die pieces already mentioned. 
Also, the first design had five thick- 
ness changes in the direction of 
pressing. By eliminating the hub pin 
these changes were reduced to four, 
which proved a considerable help in 
pressing. (4) Final density has been 
increased. With the first design den- 
sities of 85 to 90% were obtained. 
With the new design 88 to 90% den- 
sities are assured. (5) Slight separa- 
tions occasionally appeared in the 
spokes near the gear ring in the 
first design. Although these had 
caused no failures, it was felt desira- 
ble to eliminate them if possible, and 
this was accomplished with the new 
design. 


The clutch spindle gear was similarly rede- 


signed to take best advantage of metal powder fabrication. 
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Joining Large Sections 
of Low Alloy Steels 
by Gas Pressure Welding 


by A. I. NUSSBAUM, Mond Nickel Fellow, London, England 


@ WITH FIGHTER-BOMBERS landing 
at speeds up to 150 mph., the im- 
portance of well-constructed landing 
gear can hardly be over-rated. It is 
significant, therefore, that the rela- 
tively new gas pressure welding 
process is playing an important part 
in the production of low alloy steel 
landing gear at Menasco Manufac- 
turing Co., Burbank, Calif. This com- 
pany turns out about 30% of the 
landing gear for United States mili- 
tary aircraft, and its fabricating tech- 
niques represent a highly advanced 
application of the pressure welding 
process. 


The basic pressure welding process 
has been patented by Linde Air Prod- 
ucts Co. In 1943, Menasco became 
interested in its application to the 
fabrication of pipe lengths for oil 
well drilling, a development which 
led eventually to the present-day 
welding of landing gear components. 
The company is now a licensee of the 
Linde patent and has termed its own 
artots application the “Uniweld 
Process.” 

Fabrication of landing gear units 
by means of oxyacetylene pressure 
welding allows minimum weight 
construction and eases the machining 


Fig. 1—Step-by-step fabrication of a Uniwelded aircraft landing gear. (All photographs 
courtesy of Menasco Manufacturing Co.) 
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Minimum weight construc. 
tion, less machining, and 
lower welding costs have 
resulted by adopting this 
method of fabricating 
aircraft landing gear. 


problem; on the other hand, it te. 
quires extremely reliable welds h: 
ing maximum physical propertie 
The first part of this two-part arti 
will discuss in some detail the prin 
cipal features of the Uniweld Dcen 
including surface preparation 
welding equipment and procedure 
A second article, to be published 
a subsequent issue of MATERIALS & 
METHODS, will cover the unique in 
spection and testing procedures en- 
ployed by the company to ensure the 
high quality welds so essential in this 
application. 


Principle and Application 


Uniwelding is accomplished 
butting together under pressure 
machined faces of the parts to 
welded, at the same time heating th 
area of the weld plane until sufficient 
upsetting takes place. The ees 
depends upon heat, pressure and in 
timate contact of the surfaces to & 
welded, which, in turn, a 
clusion of air or any ‘material t 
might cause physic: il or chemical d 
continuity between the butting we! 
faces. Bonding is provided by ¢ 
hesion of metal at the weld plane due 
to the atomic attraction forces 
sulting from intimate contact of tt 
weld surfaces. Practically, this clos 
contact is effected by the upsetting 
operation, which also serves to break 
down inhibiting films on the we 
faces and cause recrystallization act 
the weld plane. (Further r 
tion of grains occurs during subs 
quent heat treatment. ) 

In general, this company 1s 4pP" 
ing the gas pressure welding pro 
dure to chromium-molybdenum 4 
nickel-chromium-molybdenum low * 
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lov steels (SAE Series 4100, 4300, 
8600 and 8700) within limits of 
0.25 to 0.45% carbon, and to com- 
ponents having tubular cross-sections 
of 1- to 20-in. O.D. and a minimum 
all thickness of 0.125 in. All Uni- 
weld joints are heat treated to regain 
a tensile strength of 180,000 to 200,- 
000 psi.; weldments having a joint 
strength in bending of at least 100% 
of parent metal strength can be pro- 
duced with a high degree of con- 
sistency. 

It is because of this consistent high 
joint quality that gas pressure weld- 
ng has been found particularly well 

ited for landing gears. Economies 
re achieved because parts difficult or 
mpractical to forge and machine in 
one piece can be fabricated from 
simple sub-assemblies into one unit 
possessing physical properties equal 
(0 those of an equivalent part made 
in one piece. Uniwelding also lends 
itself to economies in mass produc- 
tion; use of holding fixtures for rapid 
alignment of parts permits a high 
rate of production and a reduction 
in COSts 
_ Other fabricators, using the flash 
butt welding process, have been qual- 


| 


hed by the U. S. Army to weld land- 
‘Ng gear components involving areas 
'P tO 16 sq. in.; the Uniweld Process, 
nowevet 


, has been approved for areas 
) sq. in. For today’s largest 
the process furnishes the 
rnative to the use of un- 
mponents difficulr—if not 
to forge and machine. 

ll diameter field, flash butt 
generally more economi- 
igh areas as small as 1 sq. 
Uniwelded successfully, the 
applied most advanta- 


up to hf 
airplat 
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geously to assemblies having areas in 
excess of about 6 sq. in. 


Surface Finish 


The necessity for intimate contact 
of the weld faces makes close control 
of surface finish particularly impor- 
tant. The finish prior to welding of 
the butting faces is required to con- 
form to the following specifications: 

1. Surface roughness shall not ex- 
ceed 50 micro-inches root mean 
square on tubes with wall thickness 
of 5/32 in. or less. 

2. Surface roughness shall not ex- 
ceed 100 micro-inches root mean 
square on tubes with wall thickness 
in excess of 5/32 in. 

3. Weld surface shall be normal 
to the center line of the part being 
welded. 

a. Concavity—light showing be- 
neath a straight edge held directly 
across the entire weld face indi- 
cates excessive concavity and will 
be cause for rejection. 

b. Convexity—slight convexity 
to the extent of 0.002 in. per in. 
of wall thickness may be per- 
mitted. 

4. Tool marks running concentric 
with the circumference and others 
within normal operating practice may 
be permitted, providing surface finish 
requirements are not exceeded. 

5. Visible nicks, scratches, oxida- 
tion or other similar irregularities 
are not acceptable. 

Commercially feasible machined 
finishes on the faces of parts to be 
pressure welded are coarse when con- 
sidered in the light of the percentage 
of total surface area in true contact 
at welding pressures. These welding 


Fig. 2—Close-up view shows heating head designed for welding tubing. 


pressures are in the range of 3000 to 
10,000 psi., based on nominal cross- 
sectional area. True contact at these 
pressures, however, consists merely of 
the touching of high points while the 
majority of the surface is in no con- 
tact whatsoever. The non-contacting 
surface is exposed to entrapped air. 
The most obvious means whereby in- 
creased contact is established during 
welding is plastic deformation. Some 
plastic deformation occurs even while 
the parts are cold, since, instead of 
the 3000 to 10,000 psi. value, the 
pressure at the contacting points is 
actually well over the elastic limit of 
the material. This high local pressure 
is due to the sharing of the compres- 
sive load by only a fraction of the 
nominal cross-sectional area. As heat- 
ing begins and the temperature of 
the parts rises, the compressive 
strength of the material decreases, 
permitting progressively more defor- 
mation up to the completion of the 
weld. This continuously increasing 
inter-face formation makes possible 
additional atomic bonding. 


Welding Equipment 


The equipment required for Uni- 
welding is essentially a press of ap- 
propriate capacity equipped with 
fixtures for holding in alignment the 
parts to be welded, an oxyacetylene 
heating head and a device to measure 
and control the amount of “gather” 
(shortening of the parts due to up- 
setting). A movable carriage is axi- 
ally loaded by two hydraulic pistons 
moving in a plane through its center- 
line; such axial loading minimizes 
misalignment or angularity of the 
components. In addition to a 16-in. 
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Fig. 4—Macrograph of tube wall cross- 
section reveals details of pressure weld. 





Fig. 5—From bottom to top, these sections 
were Uniwelded with increasing amount of 
gather. 





Fig. 6—Hardness survey of Uniwelded joint 
and heat affected zone after furnace nor- 
malizing. 





Fig. 7—Internal upsets easily machined to 
remove small cracks or fissures. 
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machine, several similar machines of 
different sizes make it possible for 
the company to cover a wide field of 
gas pressure welding, ranging from 
100-sq.-in. down to 1-sq.-in. cross 
sectional area. 

The principal requirement of a 
machine's heating head is to produce 
a high temperature throughout the 
weld interface at a rate suited to the 
particular section. The linear heat 
gradient, both axial and radial, must 
also be considered so that differential 
thermal expansion does not open up 
the weld faces. By means of cam or 
eccentric action, the heating head 
usually is made to oscillate laterally 
and/or angularly so as to distribute 
the flame from each orifice over an 
appropriate area; this not only trans- 
fers heat efficiently but also prevents 
overheating of the metal beneath the 
flame tips. The water- and gas-cooled 
heating head shown in Fig. 2 has 
forty 0.033-in. dia. orifices, equally 
spaced and drilled radially in the 
inner ring surface, and is designed 
specifically for the welding of tubing. 
All Uniwelding machines apply heat 
to the external surface of the tube; 
to date, no internal heating head has 
ever been employed. 

The five variable factors involved 
in making a pressure weld are pres- 
sure, heat input, gather, temperature 
and time. In practice, only the first 
three are controlled. Temperature is 
not easy to measure with precision. 
It depends upon heat input, and the 
amount of gather under pressure 
shows whether a suitable subfusion 
temperature has been obtained. Simi- 
larly, time is a function of heat input, 
so that its control is also indirect. The 
factors actually controlled in the pres- 
ent Uniwelding equipment are listed 
below. All may be varied to suit in- 
dividual joint designs, and they can 
be held within the tolerances shown. 


Variable Tolerance 
1. Acetylene gas pressure 
a ee +7% 
2. Oxygen gas pressure 
it ee 68s caetede +2% 
3. Hydraulic pressure de- 
termining welding force +5% 
By limit 
4. Gather control ....:... switch 


The gas and hydraulic pressure 
controls and gages are mounted on 
the machine base. The extent of up- 
setting can be controlled effectively 
by means of a limit switch fitted with 
a dial indicator gage. Once the re- 
quired amount of gather has been 
achieved, this limit switch turns off 
the hydraulic pressure and, simulta- 





neously, the fuel gas supply to the 
heating head. 


Welding Procedure 


In practice, parts are machined 
with a good finish on the weld faces 
and located solidly in the welding 
machine by fixtures providing a. 
curate alignment. The butting face 
are cleansed with a grease solve: 
and alignment is checked by means 
of a tissue paper impression test, || 
controls are set, and the upsetting 
pressure is applied before the heating 
head is lit. The heat, being concep. 
trated at the weld plane, limits up. 
setting to a relatively small volume 
at the weld plane. Finally, the gather 
control mechanism shuts off the hear 
and pressure. Typical Uniwelds ip. 
volve temperatures of 2400 to 250) 
F, and welding time ranges from 
few seconds to several minutes. de. 
pending on the wall thickness of the 
weld. Once the welding cycle is com. 
pleted, the part can be removed fron 
the machine immediately and a nev 
weld started. 

A typical gas pressure weld is 
lustrated in Fig. 3. The size of is 
ternal and external upsets, the align. 
ment of the specimens, the contour 
of the flow lines, and the plane of 
juncture can be seen in the macro- 
graph reproduced in Fig. 4. The in- 
side diameter upsets generally are 
larger than the outside diameter ones 
Occasionally, small fissures (a fissure 
is defined as any unwelded portio! 
of the internal or external upset 
cracks occur on the internal upsets 
the larger size of these upsets makes 
it am easy matter to machine off suc 
flaws. No fissures are ever located on 
the outside upsets of approved weld 
Due to the close proximity of the 
flame, however, a small amount—n0 
usually over 0.040 in—of ge 
“burned” and it is, therefore, desir 
able to remove part of the external 
upset as well. | 

The four macrographs reproduces 
in Fig. 5 represents sections Unt 
welded with increasing amounts 0! 
gather and indicate how the shap¢ 
of upset is affected by the amount 0! 
gather. 

As the rate of cooling subsequent 
to pressure welding is low, a sma! 
spread of hardness occurs. Flame n0! 
malizing will reduce this spread con 
siderably, and furnace normalizing ° 
the entire component will com pletel} 
obliterate the heat-affected zone, pf 
ducing a flat hardness traverse 45 1" 
dicated by the Rockwell “C sc 
numbers in Fig. 6. 
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Low-Carbon Stainless Steels Make Possible 
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This 20-ft. dia. dish is part of a 50-ft. acid accumulator tank for a sulfite process paper 


mill, It will be lined throughout with low-carbon 316 stainless steel. (Courtesy A. O. Smith 
Corp.) 


peratures below 800 F. 

As would be expected, reduction 
in carbon content results in some 
sacrifice of strength. Nevertheless, 
the low-carbon materials have only 
slightly lower tensile strength, yield 
strength and hardness than the regu- 
lar-carbon grades, and they are about 
equal in ductility. 


Applications 


Before low-carbon stainless steels 
were developed, it was often neces- 
sary to anneal stainless weldments or 
use the more expensive “stabilized” 
grades to prevent corrosive attack at 
the weld area. Removal of the nec- 
essity for stainless steel stabilized by 
additions of columbium or titanium 
not only results in economies for the 
fabricator but also frees him, espe- 
cially in the case of columbium, from 
dependence upon the often critical 
supply of these stabilizing elements. 
Elimination of the necessity for an- 
nealing welds has permitted fabrica- 
tion of large assemblies on the job 
and, in many cases, greatly simplified 
the problem of field repairs on stait- 
less steel equipment. 

In the three years that have passed 
since their introduction, the low- 
carbon stainless steels have found 
fairly wide application in the chem- 
ical, paper and pulp, petroleum and 
textile industries. Demand has been 
greatest for the molybdenum types, 
the low-carbon equivalents of Types 
316 and 317, which have greater 


overall corrosion resistance than the 
18:8 types. Several current applica- 
tions of the low-carbon stainless steels 
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are illustrated in the accompanying 
photographs. 

Among the first applications for 
the low-carbon grade of 316 were 
chemical extraction tanks and sulfite 
digesters used in paper mills. Because 
of the size of such equipment, the 
reduction in initial cost achieved by 
using this steel instead of a “stabil- 
ized” grade amounted to several 
thousand dollars. Another early ap- 
plication was in a sulfur and steam 
recovery system in a paper mill. In- 
stalled in late 1947, the 6-ft.-dia. 
ducts, fittings and valves which re- 
quired extensive welding are reported 
to be giving satisfactory service de- 
spite exposure to sulfurous acid, sul- 
fur dioxide and steam. 

Other applications in which this 





material is being used include: phox. 
phoric acid tanks; steel mill p Kling 
tanks holding nitric and nitric-hydro. 
fluoric acids; boric acid tanks; chem. 
ical polishing tanks; bubble caps and 
risers in distillation units; piping and 
fittings in chemical, textile and Paper 
plants; waste disposal units: and 
pressure vessels. Among many po. 
tential uses which might be listed 
are shipping containers and drying 
units in chemical plants. = 

The low-carbon grade of 304 js 
used for similar applications where 
the extremely high corrosion resis. 
tance offered by the molybdenum 
types is not required. Some specific 
uses include: welded tubing; smoke 
stacks and duct work in chemical 
plants; drawn shapes for welded as. 
semblies; hoods and ducts for cor. 
rosive atmospheres in paper and tex. 
tile plants; and annealing covers for 
hydrogen annealing of silicon steels 
In this latter application the lov 
carbon content is useful in that con 
tamination of the heat treating at- 
mosphere is avoided; if higher carbon 
steels were used the unit would have 
to be run until the excess 
content had been reduced by 
atmosphere. 


Carbot 


Mechanical Properties 


In the more detailed discussion ot 
properties which follows, low-carbon 
(0.03% maximum carbon) stainless 
steels will be designated as LC-304 
LC-316, etc., for purposes of clarir 
and brevity. Thus, LC-304 is identic: 
in chemical composition with Typ 
304, except that its upper 
limit is 0.03% instead of 0.08 

Generally, the mechanical prope! 


Carpo!l 


Table 1—Notched Bar Impact Strength of Arc-Welded 12-In. Plate 














LC-304 LC-316 
(Electrode LC-308) (Electrode LC-316) 
Welded, 
Impact 304 Stress 316 Welded, 
Strength, (Elec- Relieved (Elec- Stress 
Ft.-Lb. trode 2 Hr. at trode Relieved 
(Charpy 308) 1600 F, 316) 2 Hr. at 
Notch Loca- Tempera- As- As- Air As- As- 1600 F, | 
tion) ture, F | Welded| Welded| Cooled Welded | Welded | Air Cooled | 
Notched in 75 73 76 75 57 54 ) | 
Unaffected -105 — 90 79 wee. 59 7 
Plate Metal -320 — 71 70 51 | 
Notched in 75 one 70 58 15 
Heat Af- -105 - 76 52 5 
fected Zone -320 ae 65 38 | 
of Plate Metal 
Notched in 75 35 45 29 36 5] 
Center of -105 25 26 26 28 31 
Weld Metal! -320 21 23 18 34 23 | 
Deposit pe 





Adapted from data furnished by Armco Steel Corp. 
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‘ies of the low-carbon stainless steels 
do not differ radically from those 
of the corresponding higher carbon 
types. The average tensile properties 
exhibited by sheets of LC-304 and 
LC-316 are compared with those of 
304 and 316 in Figs. 1 and 2. Thus, 
LC-304 is softer than its higher car- 
bon prototype; its average tensile 
strength is 8000 psi. lower, average 
vield strength 3000 psi. lower, and 
average elongation about the same. 
And LC-316 is softer than 316; its 
average tensile strength is 5000 psi. 
lower, average yield strength 10,000 
psi. lower, and average elongation 
6% higher. It is evident that the 
low-carbon stainless steels are only 
slightly lower in tensile strength, 
yield strength and hardness than ma- 
terials of regular carbon content, and 
that ductility of the two materials is 
about equal. 

In tensile and bend tests on 4-in. 
thick plate, welded specimens of LC- 
304 and LC-316 have been shown 
to conform with the strength and 
ductility requirements of the ASME 
Code for Unfired Pressure Vessels. 

Data on the impact strength of 
manual arc-welded joints in 4-in. 
thick plate of LC-304 and LC-316 
are presented in Table 1. These ma- 
terials, joined by electrodes of simi- 
lar low-carbon stainless composition, 
were tested at room temperature and 
two subzero temperatures. The ASME 
Code requires a minimum impact 


strength of 15-ft.-lb. for materials 
employed in service at subzero tem- 
peratures. Results shown in the table 
appear to be typical Sf the austenitic 
stainless steels. 


| Impact tests, using the Charpy 
keyhole notch, have also been carried 
out at these same temperatures on 
wrought low-carbon stainless steels. 
Chree different prior heat treatments 
were used: (1) \ hr. at 1950 F. 
(2) LOO hr. at 1600 F, and (3) 2 
or. at 1200 F. In general, it can be 
‘uid that the impact properties of 
LC-304 are relatively insensitive to 


both test temperature and prior heat 
‘reatment. The impact strength of 
Fig 


Tensile properties of regular- and 
low-carbon Type 304 compared. (Courtesy 
Carnegie-IIlinois Steel Corp.) 
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Fig. 3—Metal-arc welded '%-in. sheet after exposure to nitric-hydrofluoric acid. Type 304 
(at left) shows severe intergranular attack; LC-304 (right) shows no localized attack. 
(Courtesy Armco Steel Corp.) 











Fig. 4—Nitric-hydrofluoric acid produced marked intergranular corrosion of Type 316 
(left) but no localized attack on LC-316. (Courtesy Armco Steel Corp.) 


LC-316 decreases after the steel has 
been heated 100 hr. at 1600 F and, 
after this heat treatment, impact 
strength also appears to be sensitive 
to the test temperature. Impact 
strength of LC-347 is relatively in- 
sensitive to test temperature, with 
only a slight lowering of impact 
values noticeable after the 1600 F 
treatment. Columbium-stabilized LC- 
316, on the other hand, appears to 
react similarly to LC-316, a marked 
decrease in impact resistance occur- 
ring after the 1600 F treatment. 

The influence of elevated tempera- 
tures on the tensile properties of an- 
nealed, wrought low-carbon stainless 


Fig. 2—Tensile properties of regular- and 
low-carbon Type 316 compared. (Courtesy 
Carnegie-Illinois Steel Corp.) 
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steels is given in Table 2. The data 
show that although the decrease in 
strength of LC-304 at elevated tem- 
peratures corresponds closely to that 
of its prototype, 304, the relative 
drop-off is much more rapid for LC- 
316 than for regular-carbon 316. 
Tests at temperatures ranging from 
1100 to 1500 F show that the stress 
required for LC-304 to creep 1% in 
10,000 hr. falls on the low side of the 
band representative of 304. A com- 
parison of the regular- and low-car- 
bon grades of 316 shows again that 
the stress needed to cause LC-316 to 
creep 1% in 10,000 hr. is somewhat 
lower than the range of values repre- 
sentative of the higher carbon 316. 
It should be noted that, although 
short-time tensile data up to 1000 F 
and creep data up to 1500 F are 
available, low-carbon stainless steel 
weldments are recommended only for 
service at temperatures below 800 F. 


Corrosion Resistance 


In one series of accelerated corro- 
sion. tests, metal-arc-welded butt-type 
joints in Yg-in. sheet were exposed 
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Fig. 5—Composite specimen of %-in. sheet 

with Type 304 at left and LC-304 at right 

after prolonged nitric-hydrofluoric acid 
etch. (Courtesy Armco Steel Corp.) 


to nitric-hydrofluoric acid at 175 F 
for three 4-hr. periods. This acid so- 
lution generally produces a vigorous 
intergranular attack even on areas 
containing only a small number of 
scattered intergranular carbides. As 
shown by the results in Figs. 3 and 4 
Types 304 and 316 underwent severe 
intergranular attack in this corrosive 
medium, while the low-carbon steels 
show no evidence of sensitization 
from welting. Similar results were 
obtained for 14-in. plate. 

A striking comparison of the sus- 
ceptibility of low- and regular-carbon 
materials to corrosive attack on the 
heat-affected weld zone is shown in 
Fig. 5. Two \%-in. sheets, one of 
Type 304 and containing about 
0.06% carbon, and the other of LC- 
304 with 0.03% carbon, were welded 
together and immersed five days in 
nitric-hydrofluoric acid at 140 F. 


Localized corrosive attack on the 
heat-affected zone of the 304 base 
metal was so strong that the speci- 
men was almost severed at that area. 

These results have been generally 
verified by nitric acid tests carried 
out on weld seam specimens. In one 
series of tests, welded specimens of 
LC-304, LC-316 and their higher 
carbon counterparts were immersed 
in boiling 65% nitric acid for five 
48-hr. periods. Although appreciable 
intergranular attack occurred in the 
heat-affected zone of the 304 and 316 
base metal, no such localized attack 
resulted in the low-carbon steels. 

In another series of tests, welded 
specimens of low- and regular-carbon 
304, 316, 347 and columbium-stabil- 
ized 316 were subjected to nitric 
acid in the as-welded and in the 
welded and stress-relieved conditions. 
The stress relief treatment was 2 hr. 
at 1600 F. As before, LC-304 was 
generally superior to its higher carbon 
counterpart in resistance to inter- 
granular corrosion. In both nitric and 
sulfuric acid tests, the resistance of 
LC-304 was not impaired even by 
slow cooling from the stress-relieving 
temperature. In addition, both the 
low- and regular-carbon types of 347 
exhibited satisfactory corrosion resis- 
tance in as-welded and in welded and 
stress-relieved conditions. Here it 
should be pointed out that use of the 
terms “satisfactory” and “unsatisfac- 
tory” in this article is based upon a 
common acceptance level of 0.002-in 
penetration per month. LC-316 was 
ec jual or superior in its corrosion re- 
sistance to regular-carbon 316 after 


Table 2—Tensile Bar Properties at Elevated Temperatures 

















LC-304 Lc- 316 
Annealed, Annealed, 
| Heated | Heated 
| 2 Hr. at | 4 due. at 
| | 1600 F, | 1600 F, 
‘Tempera-| 304 z= - 316 Air 
Property ture, F | Annealed | Annealed | Cooled. | Annealed | faa Cooled. 
Ultimate | Room | 85,000 | 80,000 | 80,000 | 80,000 | 77,000 | 77,000 
Tensile 400 70,000 | 60,000 | 62,000 | 78,000 | 63,000 | 63,000 
Strength, Psi.| 800 68,000 | 57,000 | 55,600 | 74,000 | 59,000 | 57,000 
| 1000 60,000 52,500 53,000 71,000 56,500 57,000 
Yield | Room | 38,000 | 34,000 | 34,000 | 38,000 | 34,000 | 34,000 
Strength 400 | 20,000 | 17,000 | 18,000 | 29,000 | 18,500 | 20,500 
(0.2%), Psi. | 800 | 16,000 | 13,500 | 13,000 | 22,500 | 15,000 14,000 
| 1000 14,000 | 12,500 | 12,000 | 21,500 | 13,000 12,500 
Elongation, | Room 60 60 60 55 60 60 
% in 2 In. | 400 55 52 57 50 51 50 
800 45 48 47 38 47 46 
1000 43 45 44 Te ae | 46 
Reduction of | Room 70 77 77 77 70 70 
—*> | ao. 1 75 1 [74 75 62 63 
CU ae eee ote wea 
1000 | 66 67 70 62 56 57 





Adapted from data furnished by Armco Steel Corp. 
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welding or after air cooling from the 
stress-relieving temperature. After ey. 
tremely slow cooling from the stres 
relieving temperature, however, this 
low-carbon material was unsatisfac. 
tory by the nitric acid test, though 
still satisfactory by the sulfuric acid 
treatment. The regular-carbon, colum. 
bium-stabilized 316 steel was satis. 
factory in both the welded and stress. 
relieved conditions, whereas the lowe; 
carbon grade was not satisfactory. 

With the exception of the colum. 
bium-stabilized 316 steel, it is ap. 
parent on the basis of weld tests 
alone that the low-carbon stainless 
steels have proved equal or superior 
in corrosion resistance to the higher 
carbon materials. It should be em. 
phasized that this conclusion is valid 
only for the welding conditions and 
heat treatments employed in the tests. 

In other tests, low-and regular 
carbon grades of 304, 316, 
columbium-stabilized 316 were heated 
for 2 and 24 hr. at various tempera. 
tures above 800 F before applyin; 
the nitric acid test. None of the ma. 
terials heated 24 hr. demonstrate 
satisfactory resistance to intergranulai 
corrosion. After the 2-hr. period, L( 
304 again proved superior to its 
higher carbon prototype; and data 
on LC-347 indicated that the colum- 
bium-stabilized 18:8 material offered 
no advantage over LC-304. Results 
of nitric acid tests on the low-carbon 
molybdenum-containing steels indi- 
cated, however, that neither L( 4 
nor columbium-stabilized LC- 
possesses satisfactory resistance to in- 
tergré inular corrosion after being 
heated 2 hr. at sensitizing tempera 
tures. This susceptibility was no 
shown up by corresponding tests 
with sulfuric acid solution. 

Laboratory corrosion tests are not 
reliable indices of service perform- 
ance for conditions differing from 
those under which the acceptance 
tests are made. Nevertheless, weld 
corrosion tests and field experience 
indicate that the corrosion resistance 
of a low-carbon stainless steel in the 
as-welded condition is generally equa! 
to that of the columbium-stabilized 
steel in the same condition, or to ‘ts 
corresponding regular-carbon grade 
in the welded and annealed condition. 
It is this practical conclusion upot 
which rests the utility of the 1ow 
carbon stainless steels. 
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Sprayed Metal Coatings Improve Corrosion Resistance 


of Wide Range of Products 


Metallizing, well-known as 
a maintenance tool, is also 
proving useful for applying 
corrosion resistant nonfer- 
rous coatings in the manu- 
facture of many products. 





e@ THE TIME TO PREVENT corrosion 
is before it starts. That is why the 
possibility of metallizing should be 
considered in the original design and 
production of parts or products which 
are subject to corrosive conditions in 
service. Metallizing is already recog- 
nized as a valuable repair and main- 
tenance tool, but the advantages of 
its use as an initial production method 
are not as well known. As a produc- 
tion method, metallizing is fast. For 
example, zinc can be sprayed at the 
rate of 55 lb. per hr. The process is 
adaptable to many production tech- 
niques from straight hand operation 
to fully automatic conveyor lines. 
Sprayed metals are competitive in 
cost with other coating methods. 

Sprayed zinc, aluminum, tin and 
lead can be used for corrosion pro- 
tection. Sprayed zinc and aluminum, 
particularly, offer electrochemical as 
well as physical protection and are 
the two most generally useful metals. 
[hey are both low in cost and they 
are both anodic to iron and steel. 
Porosity, which exists to some degree 
in all sprayed metals, is of no conse- 
quence with these two, since they seal 
their own pores in a short time. Both 
provide electrochemical protection 
even when scratches or other damage 
expose the base metal. 


Methods of Application 


ie) es , : 
Perhaps the best way to bring out 


the adaptability of the process to the 
‘Nitial production of products is to 
descril € various types of actual ap- 
Seige: now being carried out. 
SOME are 


purely hand operations; 


APRIL, 1950 


by JOHN E. WAKEFIELD 


others involve the use of turntables 
or other conveyor systems, with guns 
hand-held and manipulated. Some are 
fully automatic, even to start-stop 
mechanisms on the guns, to prevent 
loss of metal during indexing cycles. 
Three typical set-ups should suffice 
to illustrate the point. 

The first and least automatic is the 
metallizing of vapor type degreasers 
with zinc. Many small units are now 
being coated, such as the one shown 
in Fig. 1. A much larger size is a 90- 
fr. long, 15-fr. high, straight-through 
unit used in automotive plants, where 
the shop conveyor travels right 
through the degreaser. All sizes are 
metallized by hand. First, the unit is 
pressure blasted with G-16 or G-18 
angular steel grit, with the nozzle 
manipulated by hand. Then, the zinc 
spraying is done with hand-operated 
guns. 

According to the latest reports, 
many of the principal manufacturers 
of vapor degreasers metallize them 
with zinc during fabrication. The tri- 
chlorethylene base solvents are non- 
corrosive, but they clean the de- 
greasers themselves so rapidly that 
any exposed steel would be rapidly 
attacked by the atmospheric condi- 
tions in the plant, and by the acids 
in the oils and greases removed from 
the products being cleaned. Sprayed 
zinc prevents attack on the steel. 

In degreaser work of this kind, the 
metallizing process demonstrates an 
advantage that is quite unique. Cor- 
rosive attack is apt to be more severe 
near the condensing level inside the 
degreaser, due to formation of acids 
there. Metallizing applies a heavier 
coating on that section than on the 
rest of the unit. It is quite an advan- 
tage to be able to coat heavier on 
those parts of a product which are 
attacked worse than others. 

The second, or semi-automatic op- 
eration, is illustrated by Fig. 2. Here, 
aluminum railway car frames are be- 
ing metallized with aluminum to pre- 
vent corrosion. The copper-bearing 
aluminum needed for high strength 
does not offer much resistance to cor- 


Fig. 1—Manual method of metallizing is 
being used here to zinc coat a vapor type 
degreaser. 





Fig. 2—Semi-automatic operation is being 
used to metallize copper-bearing aluminum 
railway car frames with aluminum. 
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Table |—Cost and Speed of Metallizing 






























































| | | Speed | 
| | | | Sq. Ft. Deposit Spray 
Wire | | | Covered | /Sq. Ft. | /Sq. Ft 
| Size | Total | Cost Cost /Hr. | /0.010 In.) /0.010 In 
| B.&S. | Cost | /Lb. | /Sq. Ft. | 0.010In.| Thick | Thick 
Metal _ Gage | /Hr. | Sprayed| 0.010 In. Thick InLb. | InLb. 
Aluminum 3/16 in. | 734 | 061 | 0.086 | 85.3 | 0.125 | 0.14 
| | | 
S.F. Aluminum | 3/16in.| 9.10 | 0.57 | 0.08 | 113.8 | 0.125 | 0.14 
—— |————| — 
Lead 3/16 in. | 37.79 | 0.29 | 0.24 | 159.0 | 0.533 0.82 
Antimony Lead | 3/16 in. | 40.39 | 0.31. | 0.24 | 166.0 | 0.51 0.78 
Tin | 3/16 in. | 92.33 | 1. LL | 0.48 | 194.0 | 0.334 0.43 
Zinc | 3/16in. | 16.80 | 0.31 | 0.14 121.0 | 0.332 0.45 
rosive attack. Sprayed aluminum, Speed and Cost 


however, is pure and does resist at- 
tack very well. 

In this installation, the heavy mem- 
bers are conveyed on rollers through 
the blast room, where nozzles are 
mounted to clean and roughen all 
faces. Then, they move on to the 
metallizing stations where hand-op- 
erated guns apply the sprayed alumi- 
num. The picture shows the latter 
Operation as carried out by the Nooter 
Corp. at St. Louis. 

The third, and almost fully auto- 
matic set-up, is one which has re- 
ceived some publicity before, but it 
is worthy of repetition to illustrate 
the factors involved in automatic op- 
eration. Fig. 3 shows the indexing 
table used for spraying aluminum on 
aircraft cylinder head assemblies. Cyl- 
inders are loaded onto the table at the 
station barely visible at the left. From 
there, the table indexes to the next 
station, where the cylinder is revolved 
and given a preliminary coat of alu- 
minum. The single gun used at this 
station feeds up the cylinder at an 
angle which permits the spray to 
reach one side of the fins. At the top 
of the stroke, the angle is reversed so 
that the other side of the fins is coated 
on the down stroke. Indexed to the 
third station, the cylinder revolves 
again, while two guns, one at an up- 
angle, the other slanting down, coat 
the barrel with the additional alumi- 
num needed. At the next station, two 
guns work on the head. 

Some hand work is needed to com- 
plete spraying of the head, due to its 
peculiar shape, which prevents the 
sprayed metal from reaching all sur- 
faces. This is a touch-up station, 
which would likely be needed for any 
product with as many sides or faces 
as this one. However, the majority of 
the work here, and all of it on many 
products, can be done with fully au- 
tomatic operations. 
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Metallizing has almost no practical 
limit of speed. To be sure, a single 
gun will spray only a given number 
of pounds of a particular metal in a 
given time. However, if more speed 
is required, it is quite a simple matter 
to add another gun, or several. Such 
a move does not, with metallizing, 
place a premium on space, because a 
complete metallizing set-up does not 
take much room. One present instal- 
lation, for example, includes 28 guns 
arranged in two batteries, to spray 
both sides of the product. The entire 
set-up takes less space than a medium- 
sized electroplating tank, with its sup- 
plementary wash tanks, and consid- 
erably less than a hot-dip galvanizing 
installation. 

The modern high-speed production 
unit uses 3/16-in. dia. wire. It is al- 
most fully automatic in operation, 
through two recent developments in 
its mechanism. A controlled power 
unit, or governor on the compressed 





air turbine, which drives the wire 
feed mechanism, insures constan; 
speed of wire feed. A siphon principle 
in the gas head construction makes jt 
possible to maintain a constantly cor. 
rect flame. Between the two, uniform 
sprayed metal coatings, with predicta. 
ble characteristics, are obtained, 

This particular gun sprays 55 Ibs. 
of zinc per hr. Assuming a desired 
thickness of 0.005 in., the unit wil] 
coat close to 240 sq. ft. of surface per 
hr. It sprays aluminum at 12 |b. per 
hr. Again using 0.005 in. as the speci. 
fied thickness, coverage will be about 
170 sq. ft. an hr. Tin, having a lower 
melting point, sprays faster still, run- 
ning to 83 Ib. an hr., or, for the cus. 
tomary 0.020 in. thickness, close to 
400 sq. ft. per hr. 

It is quite difficult to discuss the 
cost of a production process, because 
there are so many variables in size, 
shape and quantity of product, means 
of handling them, etc. Furthermore 
initial costs must be reconciled with 
desired service life, which will un 
doubtedly affect the amount of metal 
applied. Assuming certain arb 
rates and prices, it is possible to throw 
some light on the subject. 

For these purposes, the 5000-Ib 
price of 3/16-in. dia. metallizing 
wire, available from one of the prin- 
cipal suppliers, is used. Labor is fig- 
ured at $1.50 an hr., acetylene at $2.50 
a hundred cu. ft., oxygen at $1.00 a 
hundred cu. ft., and compressed 
at 1¢ per hundred cu. ft. No ov 
handling or other costs are taken int 
account, and no allowance is made for 
the blast preparation. Based on tl 
rates and prices, the cost of met: 
ing work with several common metals 
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Table Il—Life Expectancy of Metallized Coatings 




















Corrosive 
Condition 5-10 Years 10-20 Years 20-40 Years Over 40 Years 
Rural - 0.003 to 0.005 0.005 to 0.007 Q.010 to V.01L2 
Atmosphere in. Zinc in. Zinc in. Zi | 
0.006 to 0.008 | 0.010 to 0.012 0.012 to 0.015 
Industrial in. Aluminum in. Aluminum in. Aluminum 
Atmosphere 0.006 to 0.008 | 0.012 to 0.015 0.014 to 0.016 | 
in. Zinc in. Zinc in. Zit | 
0.008 to 0.010 | 0.010 to 0. 012 0.012 to! ) | 
Salt 0.006 to 0.008 in. Aluminum in. Aluminum in. Alum | 
Atmosphere in. Aluminum | 0.010t0 0.012 0.012 to 0.015 0.014¢t 
in. Zinc in. Zinc in. Zit | 
0.006 to 0.008 | 0.010 to 0.012 012 to 0.015 
Fresh Water in. Zinc in. Zinc in. Zinc 
Immersion 0.006 to 0.008 | 0.008 to 0.010 | 0.012 to 0.015 
in. Aluminum in. Aluminum in. Aluminum | 
Salt Water 0.010 to 0.012 | 0.014 to 0.016 aS | 
Immersion in. Zinc in. Zinc oe 
In all cases abo ¢, tt iw assumed that no paint 15 needed for appearance and that no ma 
be necessary 
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Fig. 3—A fully automatic set-up as shown 
here is well suited to production-line manu- 
facturing operations. 


used for corrosion protection is pro- 
iected in Table I. 

While costs will vary in direct pro- 
portion to the coating thickness de- 
sired, the total metallizing is not in 
direct proportion. Surfaces must al- 
ways be prepared to receive the 
sprayed metal. Hence, doubling the 
thickness of the coating does not 
double the cost. For that reason, it is 
often desirable to apply a fairly heavy 
coating. 

It is interesting to note, in this con- 
nection, that the service life of all zinc 
coatings, whether sprayed or not, is 
in direct proportion to the thickness 
of the coating. This has been clearly 
proved through studies of the Iron & 
Steel Institute and others. In other 
words, the heavier the zinc, the longer 

will protect. Relating this informa- 
tion to the fact that doubling thick- 
does not double cost, it becomes 
clear that heavier coatings will fre- 
quently pay dividends. 

Since preparation is a part of metal- 
izing, some factors in its cost should 
be discussed. In corrosion prevention 
work, preparation is usually done 
with a pressure blast machine using 
angular steel grit or a good grade of 
lard, sharp, angular, washed sand. 
1oice is governed by whether 


Ness 


the rasive can be recovered and 
used again. If it can be, steel grit 
sh be used. It produces surface 


will provide a stronger bond 
e sprayed metal, can be used 
many times, and is, therefore, gen- 
erally less expensive. Sizes G- 16, G-18 
5 are the most commonly 
sand is selected, it should be 
flint and of 16- to 20-mesh 


etically, it takes 10 Ib. of sand 

of angular steel grit to blast 

pr L sq. ft. of surface. Of course, 
’ having rust, dirt, oil, grease, 
other foreign matter will take 
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more abrasive per square foot. As- 
suming reasonably clean steel, the 
principal factors in determining blast 
cost are: (1) capacity of the ma- 
chine; (2) size nozzle used; and (3) 
size of abrasive selected. 

There are certain general rules that 
are worth keeping in mind. First, the 
higher the air pressure, the faster the 
blast operation. However, pressures 
much in excess of 100 psi. are apt to 
break down the abrasive too rapidly. 
Generally, too, the smaller the grit 
size, the faster the operation. There- 
fore, it is advisable to use the smallest 
size that will provide an adequate 
bond. 

Here again, of course, there are 
many variables, in methods of han- 
dling, recovery of the abrasive, reload- 
ing of the machine, etc. Hence, it is 
found that the cost of preparation 
may vary all the way from 3¢ per 
sq. ft. to 10¢ or 12¢. Between these 
figures and those in Table I, a rough 
idea of metallizing costs can be ob- 
tained. 

The length of service life is one of 
the most important of sprayed metal’s 
advantages. A significantly old metal- 
lizing job is that on the 110,000-gal. 
wash water tank at the Bureau of 
Water, Erie, Pa., in which a 32-ft. 
dia., 19-ft. 3-in. deep tank is located. 
The inner tank was not metallized 
when installed and showed heavy cor- 
rosion after only 18 months in service. 
In May, 1934, it was sandblasted and 
coated with 0.006 in. of sprayed zinc. 
A recent inspection showed it in ex- 
cellent condition. 

Such a service history is not sur- 
prising in view of the results of re- 
peated accelerated laboratory tests. In 
addition, exposure of test panels at 
Kure Beach, Long Island Sound, the 
Canal Zone and other test sites, has 
confirmed the laboratory tests. From 
the three sources, it is now possible 
to predict the service life of sprayed 
metal coatings in various common 
conditions. Table II is quite signifi- 
cant. It is also interesting to note the 
different conditions in which zinc is 
preferred to aluminum, and vice 
versa. 


Design Considerations 


To take full advantage of long-life, 
low-cost metallizing protection, many 
products might have to be redesigned 
to some extent at least. The construc- 
tion of fire extinguishers in England 
has been quite radically changed to 
permit their being metallized inside. 
By doing so, a practical and less ex- 


pensive extinguisher has been de- 
veloped. 

In products which are to be welded, 
it is sometimes desirable to use gal- 
vanized plate and spray the weld with 
zinc after welding is completed. This 
is being done on steel barrels at the 
present time with excellent results. 
In other cases, it is more practical to 
use plain steel and metallize the whole 
assembly. 

For large structures, it might be 
well to plan for metallizing of beams 
or girders in a shop, where the acces- 
sibility of necessary equipment and 
the work itself will tend to lower 
costs considerably. Coatings should 
stop about 1 in. from an intended 
weld, so that the zinc or aluminum 
will not interfere with the operation. 
After erection, the joints can be 
sprayed, giving complete protection, 
and preventing the accumulation of 
moisture at inaccessible sections. Such 
a technique could be applied to many 
products from air conditioning equip- 
ment to bridges. 

This leads naturally to a discussion 
of other aspects of metallizing which 
may help to determine its proper field 
of use. It is a dry process, and can be 
used safely on parts or products which 
might be contaminated by plating 
liquors. It is a cold process, and, there- 
fore, useful where sections are light 
or complicated and might be distorted 
or otherwise damaged by the heat of 
dipping or wiping processes. 

There is one other aspect that is 
worthy of thought. Quite a number of 
products are designed now with fairly 
heavy section, to provide adequate 
strength after loss of material from 
corrosion. Heavier, longer life coat- 
ings of sprayed metal may make it 
possible to lighten the sections, since 
very little weight or strength will be 
lost over a much longer period of 
time. 

There seem to be many possibilities 
for the use of metallizing in connec- 
tion with tumbling barrels. Some 
products, particularly in the hardware 
field, lend themselves to tumbling 
barrel operation. A metallizing unit 
can be mounted in the mouth of the 
barrel after blast preparation has been 
completed, and the parts sprayed with 
zinc, aluminum, tin or cadmium while 
they are slowly revolved and tumbled. 
A little work has already been done 
along these lines and shows great 
promise. For one thing, it is inex- 
pensive. Secondly, much denser coat- 
ings result, making it possible to 
obtain smoother finishes and, more 
important still, to use thinner coat- 
ings. 
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New Styrene Plastics Have 


Improved Shock Resistance 


by KENNETH ROSE, Western Editor, Materials & Methods 


@ THE POLYSTYRENES, one of the 
newer groups of plastics materials, 
have become one of the workhorses 
of the thermoplastics family within 
about a decade. Considerable lati- 
tude in properties, along with good 
fabricating qualities, have enabled 
this group of materials to take full 
advantage of the favorable price 
situation created by the Government's 
large-scale building of styrene plants 
to supply the wartime synthetic rub- 
ber program. Able to undersell the 
general-purpose cellulosics by from 5 
to 15¢ per lb., polystyrenes have be- 
come general-purpose thermoplastic 
molding materials in their own right. 
Development of varieties of poly- 
styrene having useful upper service 
temperature limits as much as 50 F 
above the working temperatures of 
most thermoplastics, and at only a 
slight premium price, has given them 
another edge. 

A disadvantage of the polystyrenes 
has been their limited resistance to 
shock. Parts molded with thin sec- 
tions have always been rather brittle, 
especially when the other require- 
ments for the piece have made it 
impossible to formulate for improved 
shock resistance. The cellulosics, on 
the other hand, have always had good 
shock resistance, and for some types, 
such as the ethyl celluloses, shock 
resistance has been outstandingly 
good. The result has been that the 
cellulosics have sometimes been 
chosen over the polystyrenes, even at 
a premium price when shock resis- 
tance was a deciding requirement. 

During the past year there have 
been announcements of polystyrenes 
of improved shock resistance. Typical 
of these are Dow Chemical Co.'s 


Styron 475 and Rohm & Haas Co.'s 
Plexene TA. The latter material pos- 
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Good impact strength can 
now be added to the wide 
range of favorable proper. 
ties and fabricating quali. 
ties possessed by the poly. 
styrenes. 





Striking tumbler molded of one of the new styrene plastics to demonstrate its high impact 
strength. (Courtesy Rohm & Haas Co.) 


sesses impact resistance equal to that 
of the cellulosics. Both obtain the 
higher impact strength at the expense 
of clarity. 

In general, the new polystyrenes 
possess the following characteristics: 

l. Good rigidity. 

2. Excellent impact strength. 


3. Good fabricating possibilities. 
4. Excellent electrical properties. 
5. Low water absorption. 

6. Low specific gravity. 


Properties of Styron 475 


The composition offered by Dow 
Chemical Co. under the trade desig- 








nation Styron 475 is suitable for 
injection or compression molding of 
extrusion. It can be worked easily 
without any special equipment of 
procedures. Molding cycles are, if 
general, comparable to those used for 
most polystyrenes, but for injection 
molding the injection temperature 1s 
usually about 30 to 50 F lower than 
for other polystyrenes. Temperatures 
of 400 to 450 F and pressures ol 
15,000 to 18,000 psi. would be good 
practice in general. 

For compression molding the same 
formulation is used, and tempefa- 
tures might be about 350 to 400 F, 
with pressures of about 1500 to 2500 
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psi. The parts should be permitted to 
cool below 160 F before being ejected 
from the cavity to avoid distortion 
and excessive shrinkage. 

The new material can be extruded 
at equal or slightly faster rates than 
standard polystyrenes. The tempera- 
cure of the plastic in the extruder 
will vary with the machine being 
used and with the cross-sectional area 
of the piece being extruded. An ex- 
perimental run might be started with 
the material at 390 F, and the tem- 
perature varied up or down to give 
best operation. It is good practice to 
keep the die temperatures 10 to 20 F 
higher than extrusion temperatures 
to give the best surface gloss to the 
work. The same machines used for 
extruding other polystyrenes or cel- 
lulosics will be satisfactory for work- 
ing impact-resistant polystyrene. 
Clearance between screw and cylinder 
should be as close as possible, and 
preferably less than 0.005 in. on each 
side. The screw should have a com- 
pression ratio of up to 3 to 1. 

Impact strength of this new poly- 
styrene is from three to five times 
that of standard polystyrenes, and 
elongation is about ten times as great 
as the corresponding value for the 
standard varieties. Dimensional sta- 
bility is good. Colors are limited to 
opaques, but the range is wide. Sur- 
face luster is usually inferior to that 
of molded polystyrene, and a fine 
matte surface is characteristic of the 
moided impact-resisting type. Careful 
control of die temperatures is the 
best means of developing good sur- 
face, and 150 to 170 F seems to’ be 
the optimum range. Draft clearance 
in the molds can be reduced to about 
half of that for polystyrenes. Mold 
shrinkage for Styron 475 is about 


0.001 to 0.003 in. per in. but the 
high elongation makes the lessened 
draft satisfactory. 
Specific properties announced by 
the producers are given below: 
Tensile strength: 


At 1% offset 3000-4000 psi. 
Ultimate 4000-5000 psi. 
Elongation 20-34% 


Impact strength (Izod): 
Notched (at 77 F) 
0.8-1.2 ft.-lb./in. of notch 
Unnotched (at 77 F) 
7.5-11.5 ft.-lb./in. of width 
Heat distortion point 
156 F, under 264 Ib. 
Water absorption 
0.06% gain in 24 hr. at 77 F 
Electrical properties: 


Dielectric constant, at 
10% cycles 2.45-2.55 
10° cycles 2.43-2.53 
10° cycles 2.41-2.51 


Power factor, at 
10° cycles 0.00025-0.00029 
10° cycles 0.00052-0.00056 
10° cycles 0.0007 7-0.0008 1 
Specific gravity 1.05 
Chemical properties — soluble in 
aromatic and chlorinated hydro- 
carbons, ketones, ethers. Insolu- 
ble in weak acids, alkalies, al- 
cohols 


Properties of Plexene TA 


The Rohm & Haas Co.'s Plexene 
TA, a styrene-base copolymer, is of- 
fered as a molding powder suitable 
for injection molding, compression 
molding and extruding. It is one of 
several formulations, all based upon 
a special high-impact copolymer of- 
fered under the general designation 
Plexene T. Variation of properties is 
therefore possible by going to one of 


Polystyrenes have excellent fabricating characteristics in addition to their favorable service 
properties. (Courtesy Rochester Button Co.) 





the closely similar types. 

In its general properties the plastic 
resembles the material already de- 
scribed. It has high impact strength, 
good dimensional stability, excellent 
electrical properties, and good chemi- 
cal properties. It works well in the 
presses. Colors are limited to opaques, 
but a wide variety, including white, 
can be produced. 

Injection molding is best done 
with the cylinder temperature at 
about 425 F for ordinary work. If 
the material seems too fluid during 
molding, the cylinder temperature 
can be dropped while holding the 
pressure high. Difficult flow in the 
mold might indicate the need for 
higher cylinder temperature. The dies 
should be maintained at about 130 
to 170 F. 

Compression molding can be done 
at temperatures of about 280 F or 
higher and pressures of about 1000 
psi. or greater. Plexene TA is in- 
tended primarily for injection mold- 
ing and extruding, however. 

The plastic can be extruded in 
standard equipment. A cylinder tem- 
perature of about 350 F is recom- 
mended by the producer, with the 
die at about 200 F for best surface 
on the extrusion. 

Specific properties are given as 
follows: 

Tensile strength 6100 psi. 

Elongation 15-35% 

Impact strength (Izod), 

Notched _ 5.0 ft.-lb./in. of notch 

Heat distortion point 

183 F, under 264 Ib. 

Water absorption 

0.3% gain in 24 hr. 

Electrical properties: 

Dielectric constant, at 


10° cycles 4.3 

10° cycles 3.7 
Power factor, at 

10° cycles 0.08 
Specific gravity 1.06 


Chemical properties — soluble in 
aromatic and chlorinated hydro- 
carbons, ketones, ethers, ethyl 
acetate. Insoluble in weak and 
moderately strong acids, alkalies, 
alcohols, petroleum hydrocar- 
bons. 

The new polystyrenes will be es- 
pecially suited to large area mold- 
ings, such as refrigerator parts, hous- 
ings for electrical appliances, and 
luggage; to pieces requiring high 
impact resistance, such as safety gog- 
gle frames, industrial containers such 
as tote boxes, and pens and pencils; 
and electrical applications, such as 
battery parts and cases, radios and 
flashlights. 




































Carburizing Pastes Permit Fast 


Low-Cost Selective Hardening 


by JULIUS FISH, 


@ THE OBJECT OF case-hardening 
steel is to produce a hard surface 
over a tough, ductile core. This proc- 
ess is employed where high hardness, 
high strength or wear resistance are 
required of the surface, and it is essen- 
tial for the core to be tough to resist 
shock or soft to permit machining. 
For both technical and economic rea- 
sons, it is often desirable that the 
case-hardening reaction be restricted 
to those areas of the fabricated part 
which require high hardness for ser- 
vice applications. 

Heat treatable steels can often be 
continuously and selectively surface- 
hardened by automatic induction 
heating equipment. For steels with 
low carbon contents, which depend 
for case-hardening on chemical sur- 
face reactions and subsequent diffu- 
sion, a variety of selective methods 
are in use. All of these methods are 
costly, however, as they involve elec- 


The carburizing and isolating pastes can be 
protected by wrapping the part in sheet iron 
and inserting it in a tube. 
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troplating, extra machining or, at the 
least, additional labor cost. 

Now, many of the economic dis- 
advantages of chemical selective sur- 
face hardening appear to have been 
overcome through the use of a special 
pack hardening paste and an insulat- 
ing or “isolating” paste. These pastes 
are available commercially under the 
trade names of Carburit and Isopac. 
Resembling putty in consistency, they 
are easily applied and removed. The 
pack hardening paste is a carbonace- 
ous compound which is applied to 
the surface to be hardened. It affords 
a rate of carbon penetration apprecia- 
bly higher than that of ordinary car- 
burizing compounds, thus making 
possible significant savings in produc- 
tion time. Conversely, the isolating 
paste is used to retard the diffusion 
of carbon at areas where softness is 
desirable and to prevent subsequent 
hardening of those sections. This 
article will discuss briefly how both 
large- and small-scale fabricators can 
best secure the production advantages 
offered by these relatively new com- 
pounds. 


How to Use Carburizing Paste 


In both principle and operation, use 
of the carbonaceous paste amounts 
simply to a restricted pack hardening 
operation. Since the product of the 
chemical reaction must be deposited 
at the surface of the steel before the 
necessary diffusion can take place, it 
is essential that the surface be cleaned 
thoroughly before case-hardening. 

The section to be hardened is then 
covered with a heavy layer of the 
carbonaceous paste, which should be 
pressed tightly on the work to assure 
intimate contact. Layer thickness of 
4 in. is recommended; this thickness 
should be adequate for case depths up 
to at least 0.040 in. However, opti- 
mum layer thickness for different case 





Two special paste compounds— 
one for hardening, the other {o, 
insulating against hardening— 
provide an economical means 6} 
carburizing small quantities oj 


parts. 


depths is best determined by care. 
fully controlled trials, followed by ac. 
curate case depth measurements. Here 
it should be mentioned that, in case. 
hardening exterior flat surfaces, it \ 
often possible to effect considerable 
savings in the cost of the compound 
by sandwiching the paste between 
two similar parts, thus hardening 
both simultaneously. 

The paste should be protected | 
wrapping the workpiece loosely in 
piece of sheet iron or inserting it in 
a tube of appropriate diameter. Th 
assembly is then placed in a furnace 
or open forge; or, if mecessary, it can 
be heated by a gas torch. If a torch 
is used, special care should be taken 
tO maintain temperature as uniform 
as possible. Uniform temperature 
are necessary to produce uniform car 
burizing and hardening and to co 
trol distortion. 

For a fixed case depth, temperatur: 
and time of heating are interdepe: 
dent. Thus, the time required to pro- 
duce a given case can be reduced b 
increasing the temperature. Or, 00- 
versely, the temperature necessary | 
produce a given case can be lowered 
by increasing the heating time. Selec: 
tion of the proper time and temper 
ture combination is an economi 
problem based upon relative heating 
costs. Although practical carburizing 
temperatures range from 1550 
1750 F, it has been found that a tem 
perature between 1650 and 1/0! 
generally gives a fair rate of carbo 
penetration without raising furna 
costs excessively. When steels 
medium carbon content (0.407% 
bon, for instance) are used afd : 
shallow case is desired to preve? 
brittleness, carburizing is often 
ried out at 1550 to 1600 F for bet 
control of case depth. 

Another variable, of less impr 
tance than time and temperature, © 
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whe composition of the steel. As would 
be expected, the rate of carbon pene- 
ration is higher in low carbon grades 
chan in medium carbon steels where 
, lower driving force exists. Other 
alloying elements affect the readiness 
with which carbon is absorbed in the 
carburizing grades of alloy steels. In 
addition, some steels differ in the 
maximum carbon concentration 
which can be built up at or next to 
the surface. 

The table below lists the heating 
times required for a few typical case 
depths obtained at 1700 F: 


Depth of Time at 

Case, In. Heat, Min. 
0.010 5.7 
0.015 10-15 
0.030 25-30 


Because of the influence of the vari- 
ous factors mentioned previously, 
these heating times must be regarded 
only as approximate guides. Further- 
more, it should be emphasized that 
these figures represent time at tem- 
perature; to them must be added the 
time required for the metal surface 
beneath the paste to reach furnace or 
fame temperature. In furnace heat- 
ing an allowance of 20 to 30 min. 
should be made. . 

The next step after the heating 
period depends upon the type of steel 
used and the specific physical char- 
acteristics desired in the steel part. 
Generally, a coarse-grained steel must 
be cooled slowly from the carburizing 
temperature so that objectionable 
brittleness will not result. Plain car- 
bon grades can be air-cooled; but 
moderately and highly alloyed steels 
having coarse grains are best cooled 
in the furnace. In such cases, the car- 
bonaceous paste is allowed to remain 
on the surface during cooling, thus 
preventing decarburization. Even fine 
grain steels are often cooled slowly 
trom the carburizing temperature to 
enable machining operations to be 
pertormed on the carburized surfaces, 
or, in highly alloyed steels, to prevent 
undue retention of austenite. 

On the other hand, a fine grain steel 
an sometimes be direct-quenched 


‘rom the carburizing temperature. A 
direct quench in oil produces lower 
Nd 1 re regular distortion than slow 
Cooling, in addition to eliminating a 
Ste 


Pp in subsequent heat treatment. It 
mportant that the pack hardening 
removed from the part be- 
ying out any quenching op- 
therwise, it will insulate the 
igainst the quenching me- 
| the heat treatment will be 


| o+ . 

a ve. The heat-dried paste can 
% eacily L . { 

€ easily knocked off or removed with 
APRIL 
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a wire brush before quenching. 

If a part has been slowly cooled 
from the carburizing temperature and 
is to be further heat treated, it is ad- 
vantageous to delay removing the 
paste until immediately preceding the 
first quenching operation. This pro- 
vides further protection against decar- 
burization of the hardened surface. 
In the event that a heat treatment in- 
volving more than one quenching 
operation is required, leaving the 
paste on after carburization would be 
of little value; ultimately, the protec- 
tion afforded by a salt bath or special 
furnace atmosphere would be ad- 
visable. 


How to Use Isolating Paste 


The inert isolating paste has a dual 
function when used in connection 
with selective surface hardening. Dur- 
ing the carburizing treatment, it re- 
tards appreciably the entrance of car- 
bon into the surface it covers. During 
subsequent heat treatment, it slows 
the cooling rate of that section of the 
steel part to such an extent that only 
in the air hardenable tool steels can 
that section be hardened. An auxili- 
ary function of the isolating paste is 
to prevent scaling and decarburiza- 
tion. Therefore, it is important that 
the isolating paste be applied tightly 
to a clean surface so that no air pock- 
ets remain between the paste and the 
work. If the work is to be case- 
hardened in a salt bath, it should be 
heated after application of the isolat- 
ing paste in order to dry the paste 
thoroughly before immersion. 

Optimum thickness of the isolating 
paste layer varies with both the case 
depth being produced and the hard- 
enability of the steel. However, a 
thickness of 1/2 in. appears to be ade- 
quate for all applications. It is clear 
that, in cases where the paste is used 
for the sole purpose of preventing 
scaling or decarburization, and hard- 
ening of the steel is desired, the paste 
must be removed before quenching. 
This can easily be done in a manner 
similar to that employed in removing 
the carburizing paste. Otherwise, on 
sections desired soft, the isolating 
paste should be allowed to remain 
until the heat treating cycle is com- 
plete. 


Advantages and Limitations 


The principal advantage offered by 
carburizing and isolating pastes is 
simplicity of equipment and _ tech- 
nique. To realize the extent of this 
advantage it is necessary only to con- 
sider briefly the alternate methods of 





This gear was hardened with the carburiz- 
ing paste, the inner surface being kept soft 
with the isolating paste. 





Isolating paste was used to keep the narrow 

section on the left and the inside of the 

holes soft while the piece was hardened in 
a salt bath. 


selective surface hardening. 

In pack carburizing, for instance, 
it is possible to pack the part in sand, 
exposing only the desired surface 
areas to the carburizing compound. 
In addition, there are two general pro- 
cedures which are used in connection 
with pack, gas or liquid carburizing. 
One of these techniques involves leav- 
ing extra stock on the workpiece 
where softness is desired after car- 
burizing, then machining off the un- 
desirable carbide layer. The other 
method consists of protecting the 
areas to remain soft with copper. In 
some cases these areas can be pro- 
tected by various copper forms, such 
as tubing, cups, sleeves, disks, washers, 
etc. A more usual approach is to em- 
ploy an electrodeposited copper plate. 
Here, two alternate techniques are 
used. The whole surface can be plated, 
the copper then being machined off 
the areas to be carburized. Or, those 
sections to be carburized can ‘be pro- 
tected against electrodeposition by a 
coating of lacquer before being im- 
mersed in the copper plating bath. 
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The lacquer burns off at carburizing 
temperatures. 

It is not difficult to see the eco- 
nomic limitations of these procedures. 
The labor cost involved in pack car- 
burizing has always been high; the 
necessity for packing the workpiece 
selectively in two mediums pushes 
this cost still higher. The other meth- 
ods involve additional machining 
costs, the expense of maintaining a 
special inventory of standard copper 
forms or of fabricating special copper 
forms, or the power and equipment 
expense of electroplating. 

Although the large fabricator, 
equipped with salt baths and atmos- 
phere furnaces, would not be likely 
to make use of the less easily con- 
trolled open forge or gas torch for 
case-hardening operations, such flexi- 
bility is important to the small fabri- 
cator. It frees the small shop from 
the production tie-ups that sometimes 
result when tools wear down and have 
to be sent out for repair. 

Of considerable importance to both 
large and small fabricators, however, 
is the production time saved as a re- 
sult of the high rate of carbon pene- 
tration offered by the pack hardening 
paste. Ordinarily, a heating period of 
about 2 hr. at 1700 F is required to 
produce a carburized case depth of 
0.030 in. As indicated by the figures 
given previously, this pack hardening 
paste produces a similar case in about 
V4 hr., a time saving of 75%. Con- 
sideration of the time necessary to 
bring the steel to heat and cool it 
afterward, of course, reduces appre- 
ciably the apparent proportionate 
time saving. Moreover, the high cost 
of the pack hardening paste is a fac- 
tor which shoiild not be overlooked; 
such a paste could never replace the 
relatively cheap, reusable carburizing 
compounds used in ordinary pack 
hardening. In selective hardening, 
however, the high cost of the pack 
hardening paste is easily compensated 
by savings in heating, equipment and 
labor expense and production time. 
The isolating paste is relatively inex- 
pensive so that cost of that compound 


Here the carburizing paste was used to case- 


harden only the outer surface. 
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is not an important factor. 

In addition to economic advantages 
and limitations, there are certain 
technical characteristics of these com- 
pounds which should be considered. 
Use of the pack hardening paste pro- 
duces a case which tapers off gradu- 
ally into the soft section. The toler- 
ance which should be allowed for this 
taper is roughly equivalent to the 
depth of the case, so that for the aver- 
age case it would be a maximum of 
0.04 in. Usually such a small toler- 
ance can be disregarded, but where a 
sharp corner is to remain soft, even 
this small overlapping of the case can 
prove detrimental. In such instances, 
the selective method which involves 
machining off extra stock after car- 
burization is believed to be the most 
reliable as it provides a sharply de- 
fined case. 

On the other hand, it should be 
pointed out that the isolating paste 
makes possible certain results that 
could not previously be guaranteed 
by some of the other selective meth- 
ods. Copper forms are often ineffec- 
tive because the lack of a tight bond 
permits the carburizing gases to enter 
beneath the copper. Adequate protec- 
tion by electrodeposited copper de- 
pends upon such close control of 
variables during plating that in many 
plants an effective plate is not 
achieved. Even the isolating paste, in 
common with other commercial 
pastes now available, does not ade- 
quately prevent the diffusion of car- 
bon into the surface which it covers. 
It is effective only for fairly shallow 
cases; generally it only retards carbon 
pickup. But, by slowing the cooling 
rate and thus preventing the subse- 
quent hardening of the section it 
covers, the paste, unlike other com- 
mercial materials, eliminates the det- 
rimental effects of the added carbon. 
As mentioned previously, this advan- 
tage does not apply to air hardening 
steels. Although the consistency of 
the isolating paste is such that its 
application is slower than that of 
materials which can be sprayed on, 
the technical advantages mentioned 





above compensate for this slight ad. 
ditional expense. 


Applications 


Present and potential application, 
for selective surface hardening tec}, 
niques are almost innumerable. |, 
general, selective hardening is ys; 
when certain portions of the surf. 
are to remain soft to control distc. 
tion, increase toughness, or to perm; 
machining, polishing or straightening 
Gears, camshafts, dies, valves ap; 
valve seats are just a few types of 
parts which are selectively hardene; 
to great advantage. Some of the pars 
which have been successfully hard. 
ened selectively through use of th 
pack hardening and isolating pastes 
are illustrated in the accompanyin; 
photographs. Field reports indicat 
that the carburizing paste is partic. 
larly useful in hardening relative) 
inaccessible surfaces such as the bas 
of a blind hole. An important use of 
the isolating paste is to protect 
threaded sections during carburizing 
operations. 

The adaptability to mass produc. 
tion methods offered by induction 
heating has made it an increasing) 
popular process for selective surface 
hardening. However, since maximum 
hardness obtainable depends primari- 
ly upon carbon content, it is apparent 
that where extremely high surface 
hardness is desired, the induction 
heating process must be confined 1 
those applications in which a high 
carbon core is not detrimental. The 
broad field of application for case- 
hardened components having low car. 
bon cores has led to the development 
of automatic mechanisms for pack, 
liquid and gas carburizing. Used in 
conjunction with these modern fur 
nace and salt bath installations, the 
isolating paste makes available a high: 
production, selective case-hardening 
procedure. For small production runs, 
either the carbonaceous or the isolat- 
ing paste can be used, depending 
upon the relative area and location 0 
the surface to be hardened and the 
equipment available. Use of the pack 
hardening paste in mass productiol 
would appear to be feasible only ! 
the surface to be hardened were § 
located that the parts could be quickly 
and easily inserted in a layer of tH 
paste. In effect, then, these paste 


allow the fabricator to (1) adap 
high-production carburizing methods 
to selective surface hardening; 4% 


. ] 
(2) selectively case-harden small 
quantities of parts with a minimum 
investment in equipment and labor. 
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aterials & Methods Manual 


This is another in a series of comprehensive articles on engineering 




























Or: materials and their processing. Each is complete in itself. 


. These special sections provide the reader with useful 
4 data on characteristics of materials or fabricated 


parts and on their processing and application 








Beryllium Copper 


by John T. Richards, Design Engineer, The Beryllium Corporation 


Beryllium copper alloys by virtue of their versatility are finding 
increased use in a wide range of industrial applications. Their ease of 
forming, combined with their good mechanical and electrical 
properties, suit them for springs of many types, cams, bushings, 
molds for plastics, a variety of mechanica! parts, and other similar 
products too numerous to mention. This manual is a comprehensive 
treatment of the subject of beryllium copper. It describes in 
detail the properties, characteristics and available forms of the 
various alloys. It also discusses design considerations and methods 
of forming, casting and heat treating. Finally, it lists 

throughout typical applications for which beryllium copper 

is particularly well-suited. 
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Introduction 


Beryllium copper, by virtue of its versa- 
tility, is finding increased use in a variety 
of industrial applications. Through heat 
treatment, this material offers a wide range 
of useful properties. In the heat-treatable 
condition, beryllium copper is ductile and 
can be severely formed to meet the most 
exacting design requirements. A simple 
low-temperature heat treatment doubles the 
strength and hardness and, at the same time, 
substantially increases electrical and thermal 
conductivity. In addition, this alloy is non- 
magnetic and offers good resistance to cor- 
rosion, wear, fatigue and moderately ele- 
vated temperatures. 


There are available several alloys—each 
age-hardenable and each offering a different 
combination of properties. Although gen- 
erally considered precipitation-hardening, 
beryllium copper, unlike certain aluminum 
alloys, does not age at room temperature 
but requires artificial aging in the range 
of 550 to 900 F. In color, these alloys 
vary from copper to gold, depending upon 
composition. 

At the present time beryllium copper is 
furnished in wrought, cast or forged form. 
Wrought products include strip, rod, bar, 
wire and tubing; and sand, pressure, invest- 
ment, plaster and permanent-mold castings 
are available. Furthermore, the designer 
can choose from one or more tempers to 
meet specific requirements. 

By virtue of excellent elastic and endur- 
ance strength combined with good forma- 

















bility and unexcelled resistance to anelas 
behavior, beryllium copper is used Be, 
sively for mechanical and current-carrying 
springs as well as diaphragms, bellow, 
bourdon tubes and other pressure responsive 
elements. Other wrought applications jp. . 
clude resistance welding electrodes, cam, 
bearings, bushings and similar components 
Castings find use as molds for plastics, t. 
sistance welding dies, heavy-duty switches 
and a wide variety of mechanical parts 
Beryllium copper alloys can be fabricate) 
by standard production methods. Strip cag 
be readily blanked, formed, deep drawn 
spun, while rod and bar respond to hy 
or cold forming methods, including forg. 
ing, machining, swaging, etc. In addition 
parts can be joined to other beryllium cop. 
per components or dissimilar metals hy 
soldering, brazing or welding. 








Beryllium copper alloys can be grouped 
as (1) high strength or (2) high con- 
ductivity. High strength alloys (over 1% 
beryllium) offer maximum strength and 
hardness, while high conductivity alloys 
(under 1% beryllium) find use where elec- 
trical and thermal conductivity are of 
greater importance than maximum strength. 
Table I lists nominal compositions. 

25 Alloy is the standard wrought bery]- 
lium copper material of 2% nominal beryl- 
lium content which combines good electrical 
conductivity with the highest strength and 
hardness of any copper alloy when heat 
treated. By virtue of its excellent resistance 
to fatigue, corrosion and wear, this non- 
magnetic material is ideally suited for 
springs, diaphragms, bellows, electrical con- 
tacts, aircraft engine parts, cams, bearings 
and resistance welding electrodes (RWMA 
Class 4), including flash welding dies. This 
alloy meets the composition and mechanical 
property requirements of the specifications 
included in Table Il. Revision letters and 
date suffixes, which frequently change, are 
not listed. 

165 Alloy is a lower beryllium-content 
version of the standard 2% material (25 
Alloy) and offers good formability in the 
unhardened condition with high final prop- 
erties following aging. This alloy is also 
available as mill-hardened strip, which 
without heat treatment reaches strengths 
and hardnesses appreciably higher than 
bronze. Through good formability it pre- 
sents cost-saving opportunities by eliminat- 
ing hardening. 

10 Alloy is a high-conductivity material 
having moderate strength which finds use 
in current-carrying springs, switch parts 


Classification of Available 


Materials 


cal and thermal conductivity as well as 
excellent resistance to moderately elevated 
temperatures are required. Since this mate- 
rial has good formability and machinability 
when heat treated, it is generally supplied 
in this condition, requiring no heat treat- 
ment by the fabricator. 

50 Alloy is a high-conductivity alloy es- 
pecially designed for resistance welding 
electrodes (RWMA Class 3). By virtue of 
its good conductivity and hardness as well 
as low surface-contact resistance, this alloy 
is used for spot, seam, flash and projection 
welding dies and electrodes. 

20C Alloy is the casting version of the 
standard 2% alloy which offers special ad- 
vantages for sand, investment and plaster- 
mold casting through good fluidity, low 
pouring temperatures and high final prop- 
erties after hardening. Applications include 


Table 11—25 Alloy Meets 












bushings, cams, marine propellers, pump 
parts, bearings, gears, safety tools and valye 
parts. This is the most universally employed 
beryllium copper casting material. The 
others are of more limited application. For 
precision casting work, 20C Alloy meets 
the requirements of Navy Specification 
40C11. 

275C Alloy is a special purpose foundry 
alloy designed for plastics molds and other 
applications requiring maximum strength, 
hardness and wear resistance. 

10C Alloy is a high-conductivity casting 
alloy especially suited for switches, circuit 
breakers, switchgear, welding jaws, resis- 
tance welding dies, electrode holders and 
similar current-carrying members wher 
strength, conductivity and resistance t 
and moderately elevated tempe 
important. 


the Following Specifications ; 














Authority Specification Forms Covered Tempers Covered 

American Society for Testing B194 Strip All 
Materials B195 Strip All 
B196 Rod & bar All 

B197 Wire All | 

Army-Navy Aeronautical AN-C-166 Rod, bar & wire All | 
AN-C-167 Strip Al 

Military MIL-C-947 Strip, rod, bar & wire Al | 

Society of Automotive Engi- AMS-4530 Strip Solution-ant | 

neers (Aircraft Material AMS-4532 Strip 4 H 

Specifications) AMS-4650 Rod, bar & forgings Solution-annealed | 











and similar components where good electri- AMS-4725 Wire Solution-anneale® | 
Table |[—Nominal Compositions (%) of Several Beryllium Copper Alloys 
Wrought Cast 

H ic ' | 

High Strength High Conductivity High Strength Conductivity | 

25 165 10 50 20C 275C 10¢ — 
Beryllium 1.90-2.15 1.60-1.80 0.45-0.60 0.25-0.50 2.00-2.25 2.60-2.85 0.55 

Cobalt 0.25-0.35 0.25-0.35 | 2.35-2.60 |  1.40-1.70 0.35-0.60 | 0.35-0.65 2.35-2.60 

Silver | — — | — |  0.90-1.10 — --- | . 
Copper Balance Balance Balance Balance Balance Balance Bala 
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Typical assortment of “strip springs” of beryllium copper. Formed in 
strips, they are later separated. (Courtesy Instrument Specialties Co., Inc.) 
: Available Forms and Conditions As used herein, “condition” refers to the stock is heat-hardened by the mill tor max: 
, state in which the material is supplied by mum strength and hardness, while mill 
Beryllium copper alloys are generally the mill, whether unhardened or aged. hardened strip and pretempered wire are 
ila 1 the forms shown in Table III, Wrought products are furnished in the given special mill treatments to meet spe- 
though other shapes and finishes are fur- heat-treatable, mill-hardened, pretempered cific requirements. Castings are also avail- 
ad ished neet special requirements. or heat-treated conditions. Heat-treated able in one or more conditions. Table IV 
panel correlates mill treatment and fabricating 
| steps by user with condition for berylli 
. y user with condition for beryllium 
| Table I1l—Available Forms copper wrought and casting alloys. 
Form 25 165 10 50 20C 275C 10C ; 
Cold Rolled Strip . | x - Temper Selection 
Flat Wire X xX Strip is generally supplied in either the 
Rectangular Bar X x X solution-annealed or one of several solution- 
Square Bar X x X annealed and cold rolled tempers. Available 
Cold Drawn Round Rod x X X tempers for high-strength alloys are given 
Hexagonal Rod Xx x Xx in Table V, while minimum forming radii 
- * + for heat-treatable and mill-hardened strip 
Square Bar X X X eg Sag E 
Wire X x Bes are included in Table VI. 
a ; Since high-conductivity (10 Alloy) strip 
Hot »d Round Rod X 3 X X has good formability after heat treatment, 
Square Bar X X X it is generally furnished in the hardened 
Rectangular Bar x ya 4 condition requiring no heat treatment after 
— . forming. For certain applications requiring 
Bi und Rod X X x severe deformation, such as drawing, heat 
; x X X X treatable material should be specified to be 
oro 4 y 1 ° e 
W . x X x fully fabricated in the unhardened condition 
ty See ubing X prior to heat treatment. Minimum forming 
eq : 4 ** . . a y 
Tubing X radii for this alloy are given in Table VI. 
Cas! 9s x x X Rod and Bar are available in several tem- 
Sand stings xX xX xX pers. High strength (25 Alloy) material 
| . Pres Castinas es . Fi : xX ; is supplied either solution-annealed or cold- 
Plaster-Mold Ce ed ees : ; . worked. For most applications, the cold- 
10 astings } — ~~ — +} - X X X er as Dela litow 
Inve nt Castings | | ae) X X X worked temper gives st machinability, 
-_— — | - : while solution-annealed is used where mod- 
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erate forming is required. Since high-con- 
ductivity alloys (10 and 50) can be readily 
machined after heat treatment, rod and bar 
are generally ordered in the fully hardened 


condition. Other tempers are specified for 
added formability. 

Wire is normally furnished either solu- 
tion-annealed or three-quarter hard, as 


shown in Table VII. Pretempered 
any given size meets only one com 
of properties, consequently there j; 
per choice in selecting this product 


Wire of 
bination 
NO tem. 





Engineering Properties 


Physical Constants—Table VIII lists the 
more important physical constants for vari- 
ous beryllium copper alloys, while Table 
IX gives additional properties for 25 Alloy. 
All materials are non-magnetic, while the 
densities compare with those of carbon 
steel or copper. The relatively low melting 
ranges simplify foundry work. 

Electrical and Thermal Characteristics— 
Both electrical and thermal conductivity in- 
crease substantially during heat treatment. 
Maximum conductivity is reached by over- 
aging (aging at higher temperatures or 
longer times than necessary for peak hard- 
ness). Table X shows typical values for 
heat-treated material. 

Mechanical Properties—Typical mechan- 
ical properties, including ultimate tensile 
strength, elongation and Rockwell hardness, 
are listed in Table XI for strip, rod, bar, 
wire and castings. Fig. 1, which illustrates 


the cumulative effect of cold work and 
aging upon 25 Alloy, indicates that it is 
advisable to use the highest temper con- 
sistent with formability in order to take 
full advantage of the available properties 
in this alloy. 

Miscellaneous properties such as tor- 
sional, shear, compressive and impact 
strength are included in Table XII, while 
Ericksen Cup Test data are illustrated in 
Fig. 2 (25 Alloy strip). 

Elevated-Temperature Characteristics — 
Fig. 3 shows the loss of hardness of several 
spring materials held for 1 hr. at various 
elevated temperatures. These curves indi- 
cate maximum service temperatures for al- 
loys in an unstressed condition. Similar 
curves are shown in Fig. 4 for casting 
materials held at temperature for 15 hr. 

In springs and similar applications, where 
external loading causes a stressed condition, 


Table 1!V—Beryllium Copper Alloys Supplied in the 
Following Conditions 











| | | Fabricating 
Alloy | Form | Condition Temper Mill Treatment Treatment 
25 Strip | Heat treatable Sol.-annealed | Sol.-annealed Fabricate and 
14 Hard Sol.-annealed and heat treat 
l 2 Hard cold-rolled 
Hard 
Rod Heat treatable Sol.-annealed Sol.-annealed Fabricate and 
Bar Hard Sol.-annealed and heat treat 
Wire cold-worked 
Wire Pretempered — Heat treated and cold- | Fabricate 
drawn 
165 Strip | Heat treatable Sol.-annealed | Sol.-annealed Fabricate and 
4 Hard | Sol.-annealed and heat treat 
14 Hard cold-rolled 
| Hard 
Mill hardened Sol.-annealed Sol.-anneal and mill | Fabricate 
harden 
14 Hard Sol.-anneal, cold roll 
14 Hard and mill harden 
Hard 
10 Strip | Heat treatable Sol.-annealed | Sol.-annealed Fabricate and 
Rod heat treat 
Bar Hard Sol.-annealed and 
cold-worked 
Heat treated Sol.-annealed Sol.-annealed and | Fabricate 
heat treat 
Hard Sol.-annealed, cold- 
worked and heat 
treated 
50 Rod Heat treated Hard Sol.-annealed, cold- | Fabricate 
Bar worked and heat 
treated 
20C | Cast Sol.-annealed — | Cast and sol.-annealed | Fabricate and 
275C | | | heat treat 
10C | ne — . a 
| Heat treated | —. | Cast, sol.-annealed | Fabricate 





and heat treated 








operating temperatures are limited by te. 
laxation. Relaxation is the loss of |oqd 
with time in a constantly deflected spring 
and is caused by the reduction in elastic 
strength with increased temperatures, The 
relaxation curves of Fig. 5 indicate thy 
maximum service temperatures should be 
limited to 300 to 400 F, depending upon 
alloy, unless some allowance is made jp 
design stresses. 

Fig. 6 shows the effect of time and tem 
perature on the tensile strength of bery!. 
lium copper and several other materia! 
in wire form. These tests point out the 
danger of designing on the basis of short. 
time tensile tests where time is a factor 

Low-Temperature Properties — Low-ten- 
perature properties for 25 Alloy are given 
in Fig. Retention by beryllium copper 
of its ductility at subzero temperat 
vents impact strength reducti 
temperature embrittlement. 

Endurance and Corrosion-Fatigue—Table 
XIII shows the endurance strength of beryl- 
lium copper in various forms. Where ap- 
plicable, the limits shown can be increased 
up to 100% by shot blasting followed by 
stress relieving (4 hr. at 400 F). Fig. § 


compares the resistance offered by various 
alloys to corrosion fatigue. 
Corrosion—lIn general, beryllium copper 


resists corrosion in a manner 
other high-copper alloys. Und 
conditions it offers good resistan 
and marine atmospheres, fresh and 
water, most alkaline solutions, and 
acids. Although beryllium copper all 
will in time stain and darken like copper 
when exposed to humid or sulfur-bearing 
atmospheres, tarnish does not noticeabl) 
affect mechanical properties. The resistanc 
offered to warm and humid air indicates 
good service in tropical environments. 
Beryllium copper has poor resistance 
certain compounds of ammonia, sulfur ane 


mercury. In acids, its behavior greatly ot 
pends upon oxidizing conditions, compat 
ing with deoxidized copper in this respect 
Increases in temperature, concentration, 4 


ation and agitation uswally accelerate coffe 
sion, often to a rather high degree 


Combinations of either static or dynamic 
loading with corrosion are not harmtu 
unless beryllium copper is subject to airec 
chemical attack by the corrosive media ! 
an umstressed condition. Consequently 
stress-corrosion cracking (season cracking 
is not a factor, while the combined acto! 
of corrosion and alternating stress (cof 


sion-fatigue) has no effect upot 
endurance properties, as shown rig 
In addition, this material has ! ativery 
good resistance to salt water cavitation 
erosion. 

Dezincification and hydrogen ; 
ment apparently do not occur. Because | 
the high volatility of beryllium balic® 


beryllium is lost from the surface_of the 
alloy when exposed to halogens (fluorine 
chlorine, bromine and iodine). Siace ™ 


is especially true at elevated temperatut 
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Table V—Temper Selection for High-Strength Strip 
(Alloys 25 and 165) 


Beryllium Copper 








Temper 


—— 


¥, Hard 
1 Hard 


| Hard 


ere 
sol.-Annealed 

















Cold-Rolled 
Reduction in ASTM % Reduction 
B&S Numbers | Designation | in Thickness Relative Formability 
0 A 0 Best for deep-drawn, cupped 
or severely formed parts 
1 No. Hard YH 11 Almost as formable as sol.- 
annealed stock and gives bet- 
ter spring properties 
| 2 No. Hard WH 21 Moderate formability with 
good strength for parts in- 
corporating liberal radii or 
light drawing 
4 No. Hard H 37 Max. mechanical properties 
with reduced cold-forming 
characteristics for parts essen- 
tially flat 




















Table VI—Minimum Forming Radii for Strip 
(Up to 0.040 In. Thick) 

















Ratio of Inside Radius to Thickness for a 90-Deg. Bend 
25 165 | 165 10 10 
Heat Heat | Mill Heat Heat 
Treatable Treatable | Hardened | Treatable | Treated 

Sol.-Annealed Any Any | | | Any | 3 
4 Hard 1 i 2 | —_ Le 
4 Hard 2 2 3 ——- 
Hard 5 5 6 3 5 














Table Vil—Temper Selection for 


25 Alloy Wire 


























beryllium 
exhaust g 


copper should not be used where 
as from bromine-treated tetraethy] 


lead gasoline is present. 
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Fig. 1—Effect of cold rolling and age hard- 
ening on the tensile strength and elongation 
of beryllium copper strip. 








" Annealed 








Erichsen Valve in mm 








0.010 


020 0.030 
Thickness in in. 


0.040 0.050 


2—Typical Erichsen cup test values for 
25 Alloy strip. 


Fig. 























: Table XIV, which gives general corro- 
| ASTM | % Re- sion data for direct chemical attack, is in- from engineering properties should be used 
Mill Desig- | duction tended only as a rough guide. Whenever only where the part can be readily sub- 
Temper | Treatment | nation | in Area possible, tests should be conducted under jected to stress analysis. 
Sol-A Cold d | actual operating conditions. For static loads, the stress will be limited 
, rg a rawn | A 0 Design Constderations—The engineering by the amount of offset or permanent set 
nedled =| and sol.-an- | properties of beryllium copper shown here- permissible in the application—never by 
oases nealed : | in result from tests conducted under inspec- the ultimate strength. When no regularly 
%Hard |Colddrawn,| 34H | 50 tion or laboratory procedures, so that some measurable deviation from the elastic con- 
re ttn Me care should be exercised in attempting to dition is allowable, working stresses must 
nesled and | incorporate these values in design work. be kept below the proportional limit. When 
drawn 3 | Safe working stresses depend not only on space permits, a maximum design stress of 
No. Hard | the material used, but also on type of load at least 10,000 psi. below the proportional 
(static or endurance) and operating condi- limit is recommended to insure positive 
tions. In addition, design stresses derived action in statically loaded parts. 
Table VilI—Typical Physical Properties for Material in the Heat Treated Condition 
= | 25 | 165 10 50 | 20C 275C | 10C 
Specific Gravity | 8.26 | 8.26 8.75 | 8.75 8.09 | 8.09 | 8.62 
Density, Lb. per Cu. In. 0.298 0.298 0.316 | 0.316 0.292 0.292 | 0.311 
Magnetic Properties Non- Non- Non- Non- | Non- Non- Non- 
| magnetic magnetic magnetic | magnetic magnetic magnetic | magnetic 
Melting Range, F 1600-1800 | 1600-1800 | 1885-1955 | 1850-1930 1600-1800 1570-1660 | 1885-1955 
Elasti: Modulus in Tension, Psi. | 19,000,000 | 18,500,000 | 18,000,000 18,000,000 | 18,500,000 | 19,000,000 7,000,000 
Thermal Expansion Coefficient | | | 
rer Deg. C: 20-100 C 0.0000167 | 0.0000167 — ~ = 0.0000166 | 0.0000166 aa 
20-200 C 0.0000170 | 0.0000170 | 0.0000176 | 0.0000176 | 0.0000170 | 0.0000170 | 0.0000178 
20-300 C 0.0000178 | 0.0000178 — ~- 0.0000176 | 0.0000176 = 
rer Deg. F: 68-212 F 0.0000093 | 0.0000093 — -— 0.0000092 | 0.0000092 — 
68-392 F 0.0000094 | 0.0000094 | 0.0000098 | 0.0000098 | 0.0000094 | 0.0000094 | 0.0000099 
ei 68-572 F 0.0000099 | 0.0000099 — — 0.0000098 | 0.0000098 — 
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Table 1X—Additional Physical 
Properties for 25 Alloy 














25 Alloy 
Specific Heat, Cal. per Gm. 
per Deg. C 
30-100 C 0.10 
100-300 C 0.11 
Max. Increase in Density on 
Heat Treatment, % 0.6 
Max. Decrease in Length on 
Heat Treatment, % 0.2 
Poisson's Ratio 0.30 
Elastic Modulus in Tension 
at 20 C | 19,000,000 
Thermoelastic Coefficient in 
Tension | 0.00035 
Elastic Modulus in Torsion 
at 20 C 7,300,000 
Thermoelastic Coefficient in | 
Torsion | 0.00033 











In the case of endurance loads, however, 
it is necessary to reduce design stresses to 
prevent failure from fatigue. For best re- 
sults, a factor of safety should be applied 
to the endurance values listed to allow for 
corrosion, changes in section, elevated tem- 
peratures and other variables. 

For springs and similar elements, ade- 
quate allowance must be made for forms 
that introduce higher stresses than shown 
by formula. High localized stresses can be 
caused by bends, holes, uneven clamping 
surfaces, etc. In general, a design formula 
should be used only as a guide, to be sup- 





Table X—Electrical and Thermal Properties of Severa| 
Beryllium Copper Alloys 









































plemented by actual tests. 


23 | 15 |. 10 | 50 | 20¢ | 275C ) KC 
Electrical Properties 
Conductivity— 22-30 | 22-30 | 48-60 | 50-55 | 20-25 | 18-23 | 45.59 
% 1.A.C.S. at 20 C 
Resistivity— 7.8-5.7 | 7.8-5.7 | 3.8-2.9 | 3.4-3.1 | 8.6-6.9 | 9.5-7.5 | 3.9.3, 
Microhm Cm.— 20 C 9.4-6.8 | 9.4-6.8 — ee joie e 
200 C 
Temp. Coefficient of 
Resistivity 20-200 C 0.0009 | 0.0009 | — oo on a = 
Thermal Properties | 
Conductivity—Btu./Sq. | 750- 750- | 1450- | 1500- | 650- | 600- | 1499. 
Ft./in./Hr./F— 68 F | 900 900 | 1800 | 1700 | 800 | 750 | 1609 
ma? i et ee wel eee 4 
1100 1100 
Cal./Sq. Cm./Cm./ | 0.26- | 0.26- | 0.47- | 0.50- | 0.22- lo et) 0.48. 
Sec./C— 20 C | 0.31 | 0.31 | 0.61 | 0.57 | 0.28 | 0.26 | 0 
200 C | 0.32- | 0.32- — |j—- |j— — a. 
Temp. Coefficient of 0.37 | 0.37 
Thermal Conductivity | | 
20-200 C 0.0012 |0.0012; — — ~ — ; 


Even when working stresses are within 
prescribed limits and ample allowance has 


been made for yield or fatigue, 
laws can 


tions from elastic 
drift) is greatly 
temperature, 
be necessary 


influenced by 
so that some allowance may 
in critical applications. 


small devia- 


be observed. 
Anelasticity (hysteresis, damping, creep and 


stress 


and 


Fig. 





9 illustrates the effect of stress upor 
in several flat spring materials. 

In using beryllium copper in Pl 
some other material, it is gener 
advisable to make a direct «ard 
To utilize fully the properties available is 
beryllium copper, parts should be rede. 
signed to allow for changes in modulu 
allowable stress, conductivity, et: 





Casting and Forming Characteristics 


Melting and Casting Practice 


Beryllium copper alloys are _ readily 
melted in either electric or fuel-heated 
crucible furnaces. Electric furnaces of the 
arc or induction types provide rapid heat- 
ing, minimum loss of metal, and good tem- 
perature and quality control. In using 
coke-, or gas- or oil-fired crucible furnaces, 
some care should be exercised to prevent 
pick-up of combustion products, since 


Fig. 3—Loss of hardness for several spring 




















materials resulting from 1 hr. at various 
elevated temperatures. 
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slower melting rates compared to electric 
furnaces mean longer exposure to contami- 
nants. 

By virtue of its good fluidity in the 
molten state, beryllium copper fills com- 
plicated molds at relatively low casting tem- 
peratures, providing faithful reproduction 
of intricate detail as-cast. The castability 
of beryllium copper, like most alloys, im- 
proves with increased pouring temperatures. 
In general, the lowest temperature that will 


Fig. 4—Loss of hardness for several casting 
materials resulting from 15 hr. at various 


elevated temperatures. 
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fill the mold should be used in or 
prevent excessive gas absorption « 
formation. The pouring range for hig 
strength alloys (20C and 275C) gener 
runs 1850 to 2050 F, while the high 
ductivity alloy (10C) ranges from 
to 2250 F. 

Sand-Casting —Sand casting genctall 
provides the most economical found 
method for producing simple shapes © 
quiring few finishing operations. In adr 


Fig. 5—Relaxation or loss of room temper 
ture load at 50,000 psi. stress for seve 
spring materials at various elevated tem 
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Beryllium Copper 





Table Xl-a—Typical Mechanical Properties of Strip 


































































Tensile Strength, | Elong. % i 
Alloy Condition and Temper Psi. 2 In. Rockwell Hardness 
5 Sol.-Annealed 60-80,000 35-50 B45-65 30T46-60 15T75-81.5 
4 Hard 73-88,000 10-30 B66-85 30T60.5-73.5 15T82-88 
14 Hard 80-100,000 5-10 B86-93 30T74-78 15T88.5-91 
Hard 95-120,000 2-4 B94-99 30T78.5-81.5 15T91.5-92.5 
Heat Treated from Sol.-Annealed 165-180,000 5-8 C36-40 30N56-59.5 15N78.5-80.5 
Heat Treated from 4 Hard 175-190,000 3.5-6 C38-42 30N57.5-61.5 15N79.5-81.5 
Heat Treated from 14 Hard 185-200,000 2-4 C39-43 30N58.5-62 15N80-82 
Heat Treated from Hard 190-205,000 1-2 C40-44 30N59.5-63 15N80.5-82.5 
165 Sol.-Annealed 60-80,000 35-50 B45-65 |  30T46-60 | 15T75-81.5 
\4 Hard 73-88,000 10-30 BG66-85 30T60.5-73.5 15T82-88 
l4 Hard 80-100,000 5-10 B86-93 30T74-78 15T88.5-91 
| Hard 95-120,000 2-4 B94-99 30T78.5-81.5 15T91.5-92.5 
Heat Treated from Sol.-Annealed 150-165,000 5-8 C33-38 30N53-57.5 15N77-79.5 
Heat Treated from 14 Hard 160-175,000 3.5-6 C35-40 30N55-59.5 15N78-80.5 
Heat Treated from i Hard 170-185,000_ | 2-4 C37-42 30N57-61.5 15N79-81.5 
Heat Treated from Hard 180-195,000_ | 1-2 C39- 43 30N59-62 15N80-82 
Mill Hardened from Sol.-Annealed ~ 100- 110,000 | 21-30 C18-21 | 30N37.5-42 | 15N67.5-70 
Mill Hardened from 4 Hard 110-120,000 19-25 C21-25 30N42-46 15N70-72 
Mill Hardened from 4 Hard 120-130,000 13-18 C25-29 30N46-49.5 15N72-74.5 
Mill Hardened from Hard 135-145,000 9-12 C30-33 30N50.5-53 15N75-76.5 
10 Sol.-Annealed 40-55,000 25-45 B22-40 30T30.5-43 15 T68-7 
Hard 70-85,000 5-10 B78-88 30T69-75 15T86-8 80 
Heat Treated from Sol.-Annealed 100-110,000 8-12 B90-95 30T76-79 5T90-91 5 
Heat Treated from Hard 105-130,000 5-10 B92-100 30T77.5-82 15T90.5-93 











tion, it may offer the only answer for han- 
dling large parts, where sizes are limited 


Table XI-b—Typical Mechanical Properties of Rod and Bar 





only by existing melting and handling 
tacilities. 

Pressure Casting—The unusual combina- 
tion of properties available in beryllium 
copper pressure castings offers significant 
in the production of plastics 
molds as well as short-run die 

Pressure-cast forces and cavi- 
ties are wn loyed in the injection molding 
of plastics and frequently prove more eco- 
nomical 7 es other types, especially where 
multi-cavities are required. 

Molds or dies are produced by pouring 

ten beeps copper around a master 
ho ) and applying pressure by means of a 
hydraulic press while the metal solidifies. 
Parts have an unusually dense structure with 


advantages 
and rubber 


Casting dies 


| 


Tensile 


Elong. % | 








good impact and compressive strength, high 
conductivity and a smooth surface. Accurate 


feproduction of intricate detail, thin sec- 
lions, irregular parting lines, and raised 
letters or numbers are obtained through 


casting, there by eliminating expensive ma- 


| 
chining and Limiting finishing operations to 
ih Ning 


MN 


Alloy Condition and Temper | Strength, Psi. | in 2 In. Rockwell Hardness 
25 Sol.-Annealed 60-85 ,000 35-50 B45-80 30T46-68 
Hard 80-120,000 | 10-20 B80-100 30T68-82 
Heat Treated from Sol.- 
Annealed 165-180,000 3-10 C36-40 30N56-59.5 
Heat Treated from Hard | 185-215,000 2-5 C39-44 30N58-61.5 
10 Sol.-Annealed 10-55,000 20-50 B25-45 30T32.5-45.5 
Hard 65-80,000 10-30 B60-75 3()T56.5-67 
Heat Treated from Sol.- 
Annealed 100-120,000 10-20 B92-97 30T77.5-80.5 
Heat Treated from Hard | 110-130,000 8-15 | B95-104 30T79-84 
m . "Heat Treated foes Hard 110-130,000 | 8-15 B95-104 30T7 9. 84 








trol obtainable in small investment castings, 


but in large parts sand castings provide 
equivalent accuracy at lower cost. 


Where final properties may be of secon- 


Table XI-c—tTypical Mechanical 


Properties of Wire—Alloy 25 
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dary importance, beryllium copper is fre- Conditi d Tensil Elong. 
quently selected solely on the basis of its ig - ey or 
' ee: emper Strength, Psi. | 2-In. 

favorable casting characteristics. In contrast 
to high-melting alloys which require special Sol.-Annealed 58-78.000 25.50 
investments and more expensive foundry 34 Hard 110-140.000 2.4 
equipment, the relatively low pouring tem- 
perature of beryllium copper insures eco- Heat Treated from 
nomical handling. In addition, good Sol.-Annealed 165-180,000 J 
castability offers design advantages, so that Heat Treated from 
thin sections, small or blind holes, narrow 34 Hard 185-220,000 
slots, long cores, knife edges, and smooth , 
surfaces over relatively large flat areas can Pretempered 145-180,00 . 
be readily produced. 

The 2.0% beryllium-content material 
(20C Alloy), which meets the require- 
ments of Navy Specification 46C11 covering ing temperatures in the range 1850 to 1950 
precision castings, has been found to offer F generally give good results. Although 


the best combination of properties. This 
alloy is available in 3-oz. pigs, which are 
especially convenient in the small batch 
melting generally used in this work. Pour- 


heated molds offer no particular advantage, 


centrifugal casting is recommended, 


since 


it provides sounder castings than gravity 


pouring methods. 
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Table XIl-a—vMiscellaneous Properties of Wrought Alloys 


































































































240 


and toughness. High-strength forgings (25 
Alloy) find use as safety tools, bushings 
and other mechanical parts, while high- 
conductivity materials (Alloys 10 and 50) 
are forged into seam welding disks and 
resistance welding dies and _ electrodes. 
Coke, gas or oil furnaces can be used for 
heating. The high-strength alloy (25) is 
generally allowed to soak for 3 to 4 hr. in 
the range 1450 to 1475 F (never over 
1500 F). Alloys 10 and 50 require the 
same time at 1650 to 1700 F. 

These alloys are plastic and can be 
readily deformed in accordance with stand- 
ard forging practice. Since beryllium cop- 
per has a higher thermal conductivity and 
cools more rapidly than carbon steel, hot- 
working periods are limited. Consequently, 
billets must be severely worked at first, fol- 
lowed by lighter blows as the metal cools. 
As shown in Fig. 10, the forging range 
extends down to 1200 F for both classes 
of alloys. Hot worked products may be 
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25 165 10 _ 
Annealed and Hard and Annealed and Hard and Annealed and Hard and x, 
Heat Treated | Heat Treated | Heat Treated | Heat Treated | Heat Treated | Heat Treated | Heat Treated 
Tensile Properties 
i Ultimate Tensile Strength | 165-180,000 | 185-210,000 | 150-175,000 | 170-195,000 | 100-120,000 | 110-140,000 110-140,009 
i; Proportional Limit ' 
Beaty Offset) 70-80,000 95-130,000 | 60-75,000 85-120,000 50-60,000 60-80,000 70-90,000 
astic Limit ~@ 
(0.002% Permanent Set) 75-85,000 100-135,000 65-80,000 90-115,000 55-65,000 65-85,000 75-95,000 
Yield Strength 
(0.01% Offset) 85-95,000 120-150,000 75-85,000 110-140,000 60-70,000 75-90,000 85-100,000 
(0.20% Offset) 130-150,000 | 160-185,000 | 120-145,000 | 150-175,000 70-90,000 100-120,000 | 100-120 099 
(0.50% Strain) 85-95,000 85-95,000 85-95,000 85-95,000 70-80,000 80-95,000 80-95 ,000 
Torsion Properties . a: 
Proportional Limit aa 65-80,000 -- — — — ~ 
Compressive Properties 7) 
(0.1% Set) — 180-200,000 — — — 100-110,000 in 
(1.0% Set) — 200-220,000 — —— — — = 
; Table XII-b—Miscellaneous Properties of Casting Alloys 
Hot Forming = 
— 
Beryllium copper alloys can be hot 2 | 
worked by rolling, forming, pressing of =. ne Sa i 10C a 
forging to give a high degree of strength Annealedand | Annealed and Annealed and 
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155-170,000 | 170-185,000 90-100,000 | 
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Yield Strength (0.01% Offset) 
(0.20% Offset) 
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80-110,000 85-115,000 50-65,000 
100-115,000 | 105-125,000 60-70,000 
| 130-155,000 | 140-165,000 75-85,000 
80-95,000 | 80-100,000 70-85,000 
| 1-5 | 1-5 3-15 
C38-45 


C42-48 B95-100 





| 150-175,000 





190-210,000 100-110,00 
210-230,000 _ 














cooled to room temperature at any con- 
venient rate, including quenching in water 
or cooling in air. 


Following forging, the material must be 
solution-annealed and age-hardened in order 


to obtain high final properties. Slow cool- 
ing, through the hot-working range (as in 
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Fig. 6—Loss of strength with time for several cold-drawn materials in wire form. Beryllium 
copper (10 and 25 Alloys) in heat treated condition. (Parker and Ferguson) 
































forging), causes partial decomposition of 
the solid solution, so that solution-treating 
is mecessary to insure subsequent hardening 
Typical properties of solution-annealed and 
aged 25 Alloy forgings follow: tensile 
strength—185,000 psi., elongation in 2 10 
—5%, and Rockwell hardness—C42. 


Cald Forming 


Prior to heat treating, beryllium coppéet 
strip can be readily cold worked by rolling, 
pressworking or spinning to give 4 wit 
variety of useful components. In the ut 
hardened condition, rod or bar can be cold 
formed or swaged, while wire can be bea, 
coiled, upset or cold headed. . 

Since beryllium copper work haroeti 
faster and to a higher level of streng® 
and hardness than other copper-base alloys 
some allowance must be made for this effec 
during cold working. Fig. 11 compares the 
work hardening characteristics of seve™ 
metals and alloys. 

In blanking, strip which has been 
rolled (14, “4% or Hard tempers) 15 P* 
ferred over annealed material, since st «°™ 
to give a cleaner blank with reduced bu! 
For all tempers, a close tolerance (5 0°” 
of stock thickness over the diametel © 
the blank) is necessary to limit wie W* 
and work hardening. To prevent galling 
dies must be hard and highly polishe 
Cadmium-plated strip gives increased are 


life and, at the same time, provides addt! 
lubrication. Soap and soap-fat emulsions ° 
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roximately 15 to 20% concentration 
wi as lubricants for pressworking. 
' Beryllium copper can be readily bent or 
formed in accordance with the minimum 
forming radii given in Table VI. For ap- 
jications requiring severe forming of high 
strength alloys, a low temper must be used, 
hut where little or no forming is needed a 
high temper is suitable. Since the proper- 
ses of all alloys are improved by cold work 
before hardening, it 1s advantageous to use 
the highest temper that the forming opera- 
ion will permit. As previously pointed 
out, high-conductivity materials are gener- 
ally supplied fully heat treated, since all 


fig. 7—Low temperature properties of cold 
worked and heat treated 25 Alloy. 
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Fig. 8—Relative corrosion-fatigue of several 
materials in salt spray. 
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Fig. 9—Etfect of stress on drift for several 
Spring materials. (Stott and Carson) 
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Beryllium Copper 





but the most severely formed parts can be 
handled in this condition. 

Grain direction is generally not a factor 
in forming and blanking beryllium copper, 
because strip is not as severely cold worked 
as might be necessary to attain spring prop- 
erties in other copper-base alloys which are 
not heat treatable. The absence of pro- 
nounced grain direction in the softer tem- 
pers gives almost equal strength and forma- 
bility in all directions and permits eco- 
nomical use of stock. 

In general, pressworking of beryllium 
copper is similar to that of phosphor bronze 
or spring brass of higher temper. For ex- 
ample, 14 Hard (2 B&S No.) beryllium 
copper in the heat-treatable condition has 
approximately the same tensile strength, 
elastic limit, hardness and elongation as 
Extra Hard (6 B&S No.) phosphor bronze 
A; consequently, die design, working pres- 
sure and springback are roughly equivalent. 

In drawing, the temper depends upon the 
depth of the draw. For light work, such as 
diaphragms with shallow corrugations, it 
is frequently possible to use 4% or Y% Hard 
strip; however, for deep drawing, solution- 
annealed material must always be used. 
Fig. 2, which plots Ericksen Cup Test data 
against strip thickness, indicates relative 
drawability. 

In critical applications grain size may be 
a factor, since fine grained material has re- 
duced ductility, while a coarse grained struc- 
ture, although ductile, tends to stretch 
rather than flow in the die, leaving a rough 
surface. A rule of thumb calls for a grain 
size in millimeters approximately three 
times strip thickness in inches for light gage 
stock. 

Rapid work hardening limits the depth 
in drawing beryllium copper. The diameter 
of a brass cup can be reduced 40 to 50% 
during drawing, whereas the reduction in 
beryllium copper is limited to approxi- 
mately 30%. Where excessive depths are 
required, it may be necessary to include an 
intermediate anneal between successive 
drawing operations. 


Although any type of press can be used, 
a hydraulic press offers certain advantages. 
The slower forming rate, together with 
closer control over forming pressure, in- 
sures a more uniformly drawn product. 
Furthermore, it is sometimes possible to 
draw cups or similar shapes by a hydraulic 
press which would not be possible to handle 
in a power press. 

Punch and die design for drawing beryl- 
lium copper follows brass or phosphor 
bronze practice. There is sometimes a ten- 
dency during drawing to plate copper on 
the die; however, this can be avoided by 
suitable drawing lubricants and cadmium- 
plated strip. Pressure pads must be care- 
fully adjusted to avoid wrinkling in the 
rim during drawing. 

An effective, low-cost tooling develop- 
ment for producing diaphragms forms tne 
material between a steel half-die and a rub- 
ber backing. This technique, good for 
either short or production runs, eliminates 
the expense in matching the two halves of a 
steel die. Consequently, die construction is 
simplified, especially for diaphragms de- 
signed with concentric corrugations where 
the complete die can be turned on a lathe. 

Compression, extension or torsion springs 
can be either mandrel-coiled on a lathe or 
produced on regular spring coiling ma- 
chines. In the case of mandrel-coiling, 
springs can be heat treated on the mandrel 
to unusually close tolerances. Pretempered 
wire is frequently preferred for automatic 
coiling, since it precludes the necessity of 
heat treating. 


Machining 


Beryllium copper is not a free cutting 
material but can be readily machined with 
proper tools, cutting fluids, speeds and 
feeds. On the basis of machining character- 
istics, this alloy can be classed with such 
non-leaded materials as phosphor bronze, 
nickel silver, silicon bronze, cupro-nickel 


Fig. 10--Heat treating, working and joining ranges for 10 and 25 Alloys. 
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and certain grades of aluminum bronze. 

In the high-strength alloys, the cold- 
worked tempers (rolled or drawn) offer 
best machinability for most turning, thread- 
ing, tapping, shaping, planing, milling, 
sawing and screw-machine operations. An- 
nealed material is recommended for drilling 
and reaming, while finish-grinding and 
polishing should follow heat treating. Cer- 
tain forms, including castings and large rod 


or bar, are available only as _ solution- 
annealed; consequently, they must be ma- 
chined in this condition. For high-con- 
ductivity alloys (10 and 50), all machining 
operations can be performed in the heat- 
treated condition. Although high strength 
materials can be machined in the age- 
hardened condition, this practice is not 
recommended for production work. 
Solution-annealed beryllium copper is 


rather soft and gummy, not unij 
however, it work hardens rapi 
this respect can be compared with phos h 
bronze or 18:8 stainless steel. Became 4 
this tendency, the depth of cur should i 
ways be great enough to get under te 
work-hardened layer. The same applies ; 
material covered with oxide, since either the 
scale should be removed by Pickling or th 
tool should be kept well below the fclonn 


ke Copper: 
dly and, ig 





Joining Practice 


Beryllium copper can be satisfactorily 
joined by soft soldering, silver brazing, 
carbon-, metal- or inert-arc and resistance 
welding; however, suitable methods have 
not been developed for bronze brazing or 
gas-fusion welding. All joining operations 
—except soft soldering—precede heat treat- 
ing, because the temperatures involved are 
sufficiently high to rapidly soften beryllium 


copper (see Fig. 10). 

The relatively high electrical and thermal 
conductivity can be a factor in brazing and 
welding this alloy, especially in joining 
with materials of decreased conductivity. 
Furthermore, some allowance might be nec- 
essary in considering components of varying 
sections. In all cases, joints should be made 
at points of low stress concentration. 


Scale formed during either the solution 
or hardening heat treatments must be ¢. 
moved from the joint area. Mechanic:| 
cleaning can frequently be used to adyap. 
tage in supplementing pickling. In addition, 
surfaces should be free from oil, grease oy 
dirt. The value of a clean surface cannot be 
stressed too highly. 


Typical beryllium copper, sand, pressure, plaster-mold and investment castings for wide range of industrial parts. 
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corre: Mmmuft Soldering 

| Osphop Soft soldering offers, perhaps, the easiest 
Cause of MMnethod of joining beryllium copper com- 
Ould 4) sonents, because working temperatures are 
der the ow and soldering can follow heat treating 
Dlies fo, vithout affecting final properties. This 
ther the HliEmethod offers good results where maximum 








vength is not required or where strength 
i. furnished by mechanical means and 


older serves principally as a means of 
scaling. 


Tin-lead (50 Sn-50 Pb) solder finds 

widest use; however, antimonial-tin (95 
Sa-5 Sb) of lead-silver (97.5 Pb-1.5 Ag- 
10 Sn) solders may be required for work at 
moderately elevated temperatures. Satisfac- 
tory heating methods include soldering iron, 
gsait torch and oxyacetylene torch. For 
best results, joint or solder thicknesses 
should average 0.005 in. 
When parts can be cleaned following 
soldering, active fluxes, such as zinc chloride 
or combinations of zinc, ammonium and 
sannous chloride, should be used. When 
components cannot be washed, a rosin flux 
must be used to prevent corrosion. Surfaces 
inaccessible for subsequent cleaning are 
frequently pretinned to insure good joints. 
Once parts have been tinned, they can be 
readily joined on any later occasion with a 
non-corrosive rosin-in-alcohol flux. Pretin- 
ning can be accomplished by iron or torch, 
hot-dipping and plating. 
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Silver Brazing 


Although working temperatures (1145 
to 1475 F) are considerably above the 
hardening range and will rapidly soften 
beryllium copper, silver brazing provides a 
convenient joining method if certain pre- 
cautions are observed. Material _ softened 
during soldering can be subsequently heat 
hardened to approximately peak properties. 

Compared to soft soldering, silver braz- 
ing offers higher strength at room and 
moderately-elevated temperatutes. Tests con- 
ducted on brazed and hardened butt joints 
show strengths up to 90,000 psi., con- 
siderably higher than obtainable through 
soft-soldering. In addition, operating tem- 
peratures for silver solders permit working 
up to 400 F. Considerable care is required, 
however, in brazing strip thinner than 
0.020 in. to insure proper aging, so that 
soft soldering may offer the only answer in 
handling light gages. 

Lap joints, which provide greater strength 
than butt or scarf joints, should be used 
wherever permitted by design. Best results 
are obtained by 0.001 to 0.003-in. clear- 
ances, since capillary action insures good 
penetration by the molten silver alloy. En- 
trapped flux, poor surface condition or in- 
complete solder penetration are the chief 
‘auses of joint failure. 


Arc Welding 

















an velding provides _a high-strength 
Ot tena omnis beryllium copper parts 
Theos worn forgings and castings. 
order of . oo joint strengths of the 
obtained he + to 150.000 psi. can be 
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Beryllium Copper 





Beryllium copper, aluminum bronze or sili- 
con bronze filler rods can be used; however, 
only beryllium copper gives a weld material 
that approaches the base metal in strength 
and conductivity. Although not always 
necessary, a brazing flux will generally 
stabilize the arc and improve the flow metal. 
Following welding, the assembly should be 
solution-annealed at 1450 F for 3 hr., 
quenched in water, cold peened and hard- 
ened at 600 F for 3 hr. In addition, wire 
brushing and peening between deposits is 
helpful. 

Beryllium copper can be metal-arc welded 
using aluminum bronze electrodes. D.c. 
machines are employed using reverse (posi- 
tive) polarity with the work negative and 
the electrode positive. Metal-arc welding is 
similar to carbon-arc practice. Heavy sec- 
tions should be preheated, while metal is 
deposited by stringer or weave bead meth- 
ods. The arc should always be directed to 
the beryllium copper. 


Resistance Welding 


Beryllium copper can be resistance welded 





to other beryllium copper parts or dissimi- 
lar materials by spot, seam or flash-butt 
methods. Although similar in weldability 
to cartridge brass or phosphor bronze, bery]l- 
lium copper requires higher currents, shorter 
times and less pressure than mild steel. The 
detrimental effects of high electrical and 
thermal conductivity upon weldability can 
be reduced through high welding current 
and short weld time. 

Resistance welding produces a_heat- 
affected zone adjacent to the weld, so that 
some allowance should be made for this 
area of decreased strength, ductility, and re- 
sistance to shock or impact. In contrast to 
strain-hardening materials, however, part 
of the original strength can be restored 
through heat treating. Although beryllium 
copper can be readily resistance welded in 
any condition, unhardened material gen- 
erally gives better results because of reduced 
conductivity. Whenever possible, joints 
should be heat treated or, better yet, solu- 
tion-annealed and heat treated. 

Water-cooled dome electrodes of chromi- 
um copper (RWMA Class 2) are recom- 
mended, since they provide the required 


Table XI11—Typical Endurance Properties 











25 | 10 | 20C 10C 
Annealed Hard Hard Annealed Annealed 
and Heat and Heat and Heat and Heat and Heat 
Treated Treated Treated Treated Treated 
Endurance Strength 
at 10,000,000 
Load-Cycles: 
Strip—in Reverse | | | | | 
Bending | 35-45,000 40-50,000 | 30-35,000 | _— — 
Rod— 
Rotating Beam | 55-70,000 | 55-70,000 | 40-45,000 ie es 
Reverse Torsion | — 25-40,000 | — — — 
Wire— | 
Rotating Arc — 15-60,000 —_ pul and 
Casting— 
Rotating Beam -= -—- — 20-30,000 15-20,000 








Table XIV—Approximate Corrosion Resistance of Beryllium Copper 





Good Resistance 


Fair Resistance 


Poor Resistance 





Acetate solvents 

Acetic acid, cold, | Acetic anhydride 
unaerated | Acetylene 

Alcohols 

Ammonia, dry | 

Atmosphere, rural, 


industrial, marine 


Aniline 
Bromine, dry 


Benzine | Carbonic acid 
Borax | Copper nitrate 
Boric acid | Ferrous chloride 
Brine Ferrous sulfate 
Butane Fluorine, dry 


Carbon dioxide 
Carbon tetrachloride 
Chlorine, dry 


Oxalic acid 
Potassium chloride 
Potassium sulfate 
Propane 

Rosin 

Sodium bicarbonate 
Sodium chloride 
Sodium sulfate 
Sulfur dioxide 
Sulfur trioxide 
Water, fresh or salt 


Sodium peroxide 
Sodium sulfide 
Sulfur 

Sulfur chloride 


Zinc chloride 





| 
| 


Acetic acid, cold, aerated 


Ammonium chloride 
Ammonium sulfate 


Hydrochloric acid, up to 0.1% 
Hydrofluoric acid, 
Hydrofluosilicic acid 


Freon | Hydrogen peroxide 
Gasoline Nitric acid, up to 0.1% 
Hydrogen Phenol 

Nitrogen Phosphoric acid, unaerated 


Potassium hydroxide 
Sodium hydroxide 
Sodium hypochlorite 


Sulfuric acid, unaerated 


Acetic acid, hot 

Ammonia, moist 
Ammonium hydroxide 
Ammonium nitrate 
Bromine, aerated or hot 
Chlorine, moist or warm 
Chromic acid 

Ferric chloride 

Ferric sulfate 

Fluorine, moist or warm 
Hydrochloric acid, over 0.1 
Hydrocyanic acid 
Hydrofluoric acid, concentrated 
Hydrogen sulfide, moist 
Lactic acid, hot or aerated 
Mercuric chloride 
Mercury 

Mercury salts 

Nitric acid, over 0.1% 
Phosphoric acid, aerated 
Picric acid 

Potassium cyanide 

Silver chloride 

Sodium cyanide 

Stannic chloride 

Sulfuric acid, aerated 
Sulfurous acid 

Tartaric acid, hot or aerated 


dilute 
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conductivity, offer advantages in aligning 
and cleaning, and are less likely to stick to 
the work. Weld times-are relatively short 
and must be closely controlled, so that elec- 
tronic tube timing controls are suggested. 
Similarly, pressure is critical and must be 
carefully controlled to prevent excessive 
porosity or sheet distortion. 

In addition, seam welding gives good re- 
sults with strip, while flash-butt methods 
can be utilized for joining rod, bar, strip 
and wire when facilities permit adequate 
control over time, pressure and current. Dis- 
similar metals can also be resistance welded; 
however, it may be necessary to compensate 
for difference in conductivity between un- 
like materials. 


Inert Arc Welding 


Inert-gas-shielded arc welding offers nu- 
merous advantages in joining beryllium 
copper and has been successfully applied to 
the production of welded tubing and similar 
applications. A blanket of inert argon gas 
prevents oxidation by excluding air from 
the weld area, and the sibility of cor- 
rosion from entrapped dux is eliminated, 
since no flux is necessary. This high-speed 
joining method concentrates heat in a nar- 
row zone, thereby reducing distortion and 
loss of strength in areas adjacent to the weld. 

Alternating current, by providing opti- 
mum oxide dispersal and shallow penetra- 


tion, is recommended. The tenden 
surface oxide to rectify alternating 
has been eliminated by the developmen 
balanced-wave circuits. Current rhe 
ments range from 1.5 to 2.0 amp. a 
(0.001 in.) of metal thickness, while Pay 
flow depends upon welding Current, welj. 
ing machine and electrode holder. Cyp, 
density should be as high as possible vid 
out melting the electrode. Polished 
centerless-ground tungsten electrodes h 
preferred. e 

Filler r is mot necessarily requires 
however, when used, 10 to 15-deg, aout 
welding is suggested. Unsatisfactory welds 
result when molten filler metal js super 
imposed on unfused metal surfaces, 















Heat Treating 


Since the excellent properties of beryl- 
lium copper are obtained only through heat 
treating, it is important that the correct heat 
treatment be chosen. Quenching from the 
solution-annealing range, which softens the 
material, followed by treatment at a lower 
temperature, which hardens these alloys, 
permits forming of intricate shapes in the 
soft condition followed by hardening to 
maximum properfties. 

Although age-hardening is the result of 
a two-step thermal treatment, the fabricator 
will ordinarily be concerned only with the 
low temperature hardening operation, be- 
cause the first step (solution-anneal) is car- 
ried out by the mill prior to shipment. For 
certain special applications, such as deep 
drawing, it may be necessary to provide an 
intermediate anneal, since beryllium copper, 
like other alloys, hardens with cold work. 


The cumulative effect of solution-anneal- 
ing, cold-working and age-hardening for 25 
Alloy are illustrated by Fig. 12, while rec- 
ommended heating times and temperatures 
for the various alloys are listed in Table XV. 

In addition, castings and forgings are 
generally solution-treated prior to harden- 
ing. Although moderate properties are ob- 
tainable in castings by heat treating from 
the as-cast condition, maximum properties 
are available only through the two-step op- 
eration consisting of solution-annealing and 
age-hardening. 


Solution-Annealing 


The solution treatment serves the dual 
purpose of softening the material for fur- 
ther cold working and forcing the beryllium 
into solution so that it is available for sub- 


Table XV—Recommended Heat Treating Practice 





























Solution-Annealing Age-Hardening 
| | | Time at | 
Alloy | Time at Temperature | Cooling | Temper Temperature Cooling 
25 | l hr. per in. or fraction of | Quench | Sol.- 3 hr. at Any conve- 
| in. of section thickness at | in water | annealed 600 F nient rate 
1450 F | Cold- 2 hr. at 
worked 600 F 
165 | 1 hr. per in. or fraction of | Quench | Sol.- 3 hr. at Any conve- 
in. of section thickness at in water | annealed 650 F nient rate 
1450 F | Cold- 2 hr. at 
| worked 650 F 
10 | 1 hr. per in. or fraction of | Quench | Sol.- 3 hr. at Any conve- 
| in. of section thickness at | in water | annealed 850-900 F nient rate 
| 1700 F | | Cold- 2 hr. at 
| worked 850-900 F 
50 | 1 hr. per in. or fraction of | Quench | Cold- 2 hr. at Any conve- 
in. of section thickness at in water | worked 850-900 F | _ nient rate 
| 1700 F 
20C; 1 hr. per in. or fraction of | Quench | Sol.- 3 hr. at Any conve- 
| im. of section thickness at in water | annealed 600 F nient rate 
| 1450 F 
275C| l hr. per in. or fraction of | Quench | Sol.- 3 hr. at Any conve- 
| im. of section thickness at | in water | annealed 600 F nient rate 
1450 F | | 
10C} 1 hr. per in. or fraction of | Quench Sol.- 3 hr. at Any conve- 
in. of section thickness at | in water | annealed 850-900 F | _ nient rate 
1700 F 




















sequent hardening. Rapid quenching in 
water from the annealing range is necessary 
to retain this structure at room temperature. 

For most applications, relatively smal 
grain sizes present the most favorable con- 
binations of engineering properties. Al. 
though low annealing temperatures can be 
depended upon to restrict grain size, car 
should be exercised to insure a high degre 
of beryllium solubility. Short times at high 
temperatures in the annealing range gen- 
erally give good solubility but with large 
grain size. 

Table XV is intended as a guide in & 
tablishing solution-annealing procedures 
Since heat-treating facilities vary consider- 
ably from one plant to the next, it is not 
possible to suggest annealing times and 
temperatures to meet all requirements. 

Any type of furnace covering the ten- 
perature ranges shown in Table XV 5 
suitable; however, salt baths should not k 
used, since most salts attack beryllium cop 
per rather rapidly.at temperatures in th 
solution-annealing range. Parts should & 
free from dirt, oil or grease when placed in 
the furnace, while cadmium plate should & 
stripped prior to annealing. 

When additional processing follows, the 
oxide film formed during heating can & 









removed by pickling or can be prevented ® 
by bright annealing in moisture-free atmos Cor 
pheres of cracked ammonia, hydrogen o ine 
city gas having a dew point of at least -1 an 
F. Where it is not possible to attain thi on 
dew point requirement, it is preferable © on 
anneal in an uncontrolled atmosphere, su@ tre 
as an open gas-fired or electric furnac re 
causing a black oxide coating which can 

readily removed by pickling. ne 


Age-Hardening in 
The age-hardening feature of beryllium 


copper offers design advantages not 4vi® me 
able in alloys that are not responsive to heal hs 
treatment. In addition, many strain harce? 
ing materials may require stress-relievits Me 
however, beryllium copper can be stress * a 
lieved in its hardening range, so that . a 
special operation is needed. An import#” 

advantage of beryllium copper over cert m 
other age-hardening alloys is its simple heat 

treatment which can be carried out at felt 


pe 
tively low temperatures in an uncontro' é 
atmosphere without subsequent contro - 
cooling. h 


It is of significance that by va‘y!™ 
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Progressive die for small beryllium copper stampings. (Courtesy Instrument Specialties Co., Inc.) 


ing umes and temperatures, different 
nations of properties can be obtained, 
strength, ductility, conductivity, 
and resistance to impact and anelasticity. In 
order that full advantage can be made of 
available properties, the type of hardening 
treatment selected should be based upon the 

} quirements of the particular application. 
As sly indicated, strength, hard- 
conductivity and modulus increase dur- 
‘Ng heat treating. For a given temperature 
in the hardening range, these changes pro- 
‘ed with time; some reaching a peak and 
sing with additional time, while 
tinue to increase. Raising the 
mperature reduces the time re- 
ich maximum strength or hard- 
shows the effect of time, tem- 
cold work upon the tensile 

» Alloy strip. 

two types of hardening treat- 
eral use: (1) standard low- 
or (2) short-time, high-tem- 
(he standard low-temperature 
with tesr com to control, is not critical 
bicker to time, and produces the 
‘gree of strength and hardness. 


1950 


rey 


pt 


perature 
treatment 


arying 


ops APRIL. 


For high strength alloys this heat treatment 
requires from 3 to 1 hr. at temperatures 
ranging from 600 to 650 F; for high con- 
ductivity alloys, the same time range but at 
850 to 900 F. The standard heat treatment 
is recommended except when special prop- 
erties are of greater importance tham maxi- 
mum strength and hardness. This treatment 
is also generally mecessary to insure uni- 
form heating through large sections; sug- 
gested procedure is 2 hr. or more at 600 F. 

For high strength alloys the short-time, 
high temperature treatment requires from 
90 to 15 min. at temperatures ranging from 
650 to 725 F. Advantages of this method 
include (1) better resistance to drift and 
fatigue, (2) higher conductivity, (3) 
greater degree of stress-relief for fixture 
hardening and dimensional control, and 
(4) considerable saving in heat-treating 
time. This treatment is usually not applied 
to high conductivity alloys. 

The relationship between properties at- 
tained and heating time for short-time high- 
temperature hardening is shown on Fig. 14. 
Heat treatment No. 1, through the point of 
peak tensile strength, gives best wear re- 


Fig. 11—Work-hardening rates of several 
materials compared on the basis of tensile 


strength. 
200 
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sistance and maximum hardness for the ag- 
ing temperature employed. Heat treatment 
No. 2 provides maximum stability and 
should be used for critical spring and dia- 
phragm applications requiring good re- 
sistance to drift, hysteresis and relaxation. 
Heat treatment No. 3 gives maximum con- 
formity or dimensional control through a 
high degree of relief from internal stresses 
induced by cold work, causing parts to set 
to the shape of the fixture. 

Electrical conductivity increases 50 to 
100% during hardening, depending upon 
alloy, time and temperature. In high 
strength alloys, conductivity attains 20 to 
33% that of copper, while high con- 
ductivity materials reach 45 to 60% con- 
ductivity. Maximum conductivity is ob- 
tained by overaging, which means heat 
hardening at times and temperatures greater 
than required for peak tensile strength. For 
applications requiring both strength and 
conductivity, a compromise time is selected. 

Similarly, if added ductility is needed, 
some strength must be sacrificed by over- 
aging, since ductility or elongation is at a 
minimum in parts hardened for maximum 
strength. In general, heat treating for maxi- 
mum conductivity will also give increased 
ductility with some loss in strength or 
hardness. Elastic modulus, either in torsion 
or tension, also increases during hardening, 
reaching a maximum beyond the time for 
peak hardness. Performance tests on springs 
and diaphragms must be made after aging, 
since the increase in modulus will change 
the stiffness or load-deflection rate. 

The best hardening time and temperature 
for a given combination of properties is de- 
pendent upon such variables as temper, 
amount of forming in making the part, and 
heat treating facilities. Consequently, some 
experimentation may be necessary to obtain 
special properties. This is especially true 
when employing the short-time, high-tem- 
perature heat treatment, which is critical 
with respect to time. For best results, test 





Fig. 13—Typical age-hardening curves for 
beryllium copper (25 Alloy) strip. 
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Fig. 12—The cumulative effect of solution-annealing, cold-working and age-hardening upon 
several properties of beryllium copper (25 Alloy). 





samples should be hardened in the same 
furnace, or the same type of furnace, as used 
for production. The times and temperatures 
included in Table XV apply for standard, 
low-temperature hardening and can be de- 
pended upon to give maximum strength 
and hardness. 


Heat Treating Equipment 


Although circulating air furnaces, muffle 
furnaces or salt baths are satisfactory for the 
standard, low-temperature treatment, short- 
time, high-temperature hardening requires 
closer time and temperature control than 
usually obtainable in a muffle furnace, so 
that a forced-circulation furnace or a salt 
bath is preferred. Because the heating rate 
is slower in a muffle furnace, hardening will 
require a longer time than in an air furnace. 
A salt bath by giving faster heat transfer 
requires 25 to 50% less total time than a 
circulating air furnace. 

Therg are available numerous types of 
furnaces for heat treating beryllium copper 
which provide the necessary control of tem- 


perature. When hardening at 600 F, a 
variation of +10 F is permissible; how- 
ever, at higher temperatures this range 


should be limited to +5 F.: If temperature 
variations exist within the furnace, vari- 
ations can be expected in hardness response. 
The thermocouple should be located so that 
readings will be representative of the charge. 
Controlled or bright atmospheres are gen- 
erally not necessary, since the discoloration 
caused by heating in air does not affect 
engineering properties. 

Salt baths through rapid and uniform 
heating give good results at any tempera- 
ture in the hardening range of beryllium 
copper and offer special advantages for 
short-time, high-temperature work and fix- 
ture hardening. Commercially available 


nitrate-nitrite mixtures (40 to 50% 


socium 


nitrite, balance sodium or potassium 1i- 
trate), which melt at 290 F, are usually 
employed. Although recommended for 


wrought products, some care should be exer- 
cised in attempting to handle castings in 


salt baths. 
together with irregular shape, 


The relatively rough surfaces 
increase salt 


losses through drag-out, while cleaning fre 


quently proves difficult. 
For best results, a bath used 


lium copper should be kept cleat 
used for other materials such as steel. 


removal from the bath, parts 

carefully cleansed of all traces of 
herence to the following cleaning 
is suggested : 


tof Defyi- 


sh uld 


1 and not 
After 


€ 


salt. Ac: 


procedure 


(2) wash in hot cleaning solution, 
dry. The 
chocolate-colored film that remains is 10 
way detrimental to the properties of the 


rinse in hot water, and (4) 


material and, 
ance, can be readily removed. 


Parts should be both clean and 


handling and definitely fixes tl 
hardening time. 


where necessary for 


appeat- 


(1) quench in cold water, 


free trom 
dirt, oil, grease or moisture when placed i0 
the furnace or bath. Following hardening, 
parts can be cooled at any convenient rate; 
however, quenching in cold water permits 


1 end 


1 of 


For applications requiring 


a bright finish for subsequent processing 


appearance, 


Through fixture hardening at 
temperature selected to give a hi 
of stress relief, 


dimensions, 
the design and tolerances of the 
self. Elimination of springback a 


age makes hand adjustment during 4 


unnecessary, while good unifor 


long runs entails inspection of on 


percentage of parts. 
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vechanical and Chemical Cleaning 


Beryllium copper products can be readily 
deaned, polished or buffed in a manner 
jmilat to other copper alloys. Burrs, re- 
witing from pressworking, can be removed 
from small parts by barrel tumbling, with 
ime dependent upon the edge required. 
Sand blasting provides a clean uniform sur- 
‘ce and is frequently applied to castings 
where a dull, rough finish is acceptable. 
Sandblasting precludes the necessity for 
pickling. } 

Solvent cleaning can be employed to re- 
move cutting fluids, such as sulfurized min- 
eral lard oils. Immediately after machining, 
parts should be immersed in a solvent, such 
; Stoddard’s solvent, to prevent staining. 
if a solvent is not used and the metal stains, 
the discoloration can be removed by im- 
mersing for 20 to 30 min. in a cold bath 
of 10% sodium cyanide solution. Extreme 
caution should be observed in handling 
sodium cyanide, because this solution is a 


ea ly poison. 


Beryllium Copper 








Tarnish, resulting from humid or sulfur- 
bearing atmospheres, can be removed from 
oil-free parts by a short immersion in the 
above sodium cyanide solution or dilute 
(5 to 10% by volume) sulfuric or hydro- 
chloric acid solutions at room temperature. 
Pieces should be thoroughly rinsed in water 
following either cyanide or acid dips. 

Oil or grease are rapidly removed by 
vaporized solvents such as trichlorethylene. 
For degreasing, parts are placed in a con- 
tainer where solvent vapors can condense on 
it. Condensate washes away the oily coat- 
ing and leaves the piece clean and dry. 

Alkaline cleaning solutions are also satis- 
factory for the removal of oil, grease and 
dirt. Various combinations of sodium car- 
bonate, trisodium phosphate, sodium meta- 
silicate and similar materials are used. Op- 
erating temperatures and concentrations de- 
pend upon the desired surface condition and 
the oil or dirt to be removed. 

There are available several proprietary 
electrolytic cleaning methods which give 
good results in removing dirt and scale, 
leaving a bright and’ clean surface. Good 
results have been obtained in handling cast- 


Miscellaneous beryllium copper, flat, compression, extension, torsion and power springs. 



























Typical beryllium copper mechanical parts 
blanked, spun.and machined from strip and 


rod. 
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or bright dipping. Thorough washing in 
cold water followed by a hot rinse are 
necessary to remove all traces of acid before 
drying by air blast, sawdust or other avail- 
able means. An acid-neutralizing dip in a 
soap solution is sometimes desirable be- 
tween the final cold and hot water rinses. 
In addition to the final washing, parts must 
be thoroughly rinsed in cold water between 
successive acid treatments. 


Plating 


Beryllium copper components can be 
plated for appearance, added protection, die 
lubrication and electrical properties with the 
following metals: cadmium, zinc, tin, cop- 


ever, gold can be employed for Jow 
ance at very light pressures while thodin 
offers unusual combinations of cotton 
and wear resistance, hardness, reflectinin 
and low and stable contact resistance . 
Since the surface condition of materi 
entering the plating bath exerts the Bteates 
influence on the final resule, it js essentig 
that parts be absolutely clean and free {, 
oxide, oil, grease and dirt. Where te 
acid or dichromate pickling solutions . 
have proceeded plating, it is necessary . 
remove the thin oxide film formed theres, 
by a cold 30% nitric acid bath pricy » 
plating in order to insure good adherence of 
the plate. Recommended procedures {or 4) 
kaline cleaning, vapor degreasing and Dick. 


ling are given above. 


nN 
oO 


per, chromium, nickel, silver, rhodium and 
gold. Some caution should be observed, 
however, in coating critical elastic elements 


Ductili 
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lO 20 30 40 50 60 70 
Heat-Treating Time in Min. 
Fig. 14—Property changes of annealed bery!l- 
lium copper (25 Alloy) strip during age hard- 
ening at 660 F. (Williams) 











ings and parts fabricated from wrought 
products. 

Where it is desirable to protect the sur- 
face finish obtained through cleaning, either 
a lacquer or plastics coating can be applied 
by brushing, spraying or dipping. Parts 
should be coated immediately after cleaning 
to prevent discoloration. 


Pickling 


An oxide film forms on beryllium copper 
when heated in an uncontrolled atmosphere 
into either the hardening or annealing 
range. When necessary for appearance, 
soldering, brazing, welding, plating, press- 
working or similar operations, this scale 
can be easily removed by pickling. 

To insure effective cleaning, it is essential 
that oil, grease and other lubricants be 
completely removed prior to pickling. 
When solution-annealing or aging precedes 
pickling, parts should be carefully degreased 
before heating and some care should be 
exercised to prevent contamination with oil 
or grease between heat treating and clean- 
ing. In addition, pickling baths should not 
contain scraps or stray pieces of iron. or 
steel, otherwise red stains may result from 
copper plating out and onto parts. 

For pickling, a 20 to 30% by volume 
solution of sulfuric acid (concentrated, 1.83 
specific gravity) and water should be used 
at 160 to 180 F, with immersion time suf- 
ficient to completely loosen dark scale. This 
operation is followed by a nitric acid dip to 
remove all traces of black scale (cupric 
oxide) as well as any red (cuprous oxide) 
stains which may be present. Parts should 
be immersed briefly in a 30% by volume 
cold solution of nitric acid (concentrated, 
1.40 specific gravity) and water. Immersion 
time, which is limited to prevent etching 
the base metal, is best determined by trial. 

Acid stains may result unless parts are 
carefully cleansed of all acid after pickling 


90 


(springs, diaphragms, etc.), since plating 
introduces excessive anelastic behavior as 
measured by drift and hysteresis. On the 
other hand, plating baths do mot cause a 
hydrogen embrittlement in beryllium cop- 
per, so that endurance will not be adversely 
influenced. 

Where service requirements demand a 
white surface, either nickel or tin plating 
can be applied. Although tin remains white 
longer in mildly corrosive atmospheres and 
provides sacrificial protection under severely 
adverse conditions, the final selection be- 
tween these metals will depend upon econ- 
omy and the corrodants present. 

A tin base is of advantage in soft solder- 
ing, since it permits the use of noncorrosive 
rosin fluxes. Parts can be tinned by hot- 
dipping in conjunction with a chloride flux 
to give coatings roughly 0.0008 in. thick, 
while electroplating can be employed to 
deposit coatings meeting the minimum 
thickness requirement for soldering of 
0.0003 to 0.0005 in. 

Tin, zinc and cadmium coatings can be 
used to compensate for differences in elec- 
trochemical potential at bimetallic junctions. 
In addition, cadmium plate of the order of 
0.0001 to 0.0003 in. thick is frequently 
used as a die lubricant in pressworking to 
enhance punch and die life. For resistance 
to corrosion from phenolic or vinyl plastics 
or rubber, beryllium copper molds are 
usually given a hard chromium plate, 0.003 
to 0.006 in. thick. 

Where special electrical characteristics, 
including high-frequency conductance and 
low contact resistance are mecessary, it 
might be desirable to plate with such noble 
metals as silver, gold or rhodium. Of these 
metals, silver is the most widely used; how- 


Coloring 


To meet certain service requirements } 
may occasionally be necessary to color \. 
ryllium copper components. Table XV 


proprietary processes are also available. |p 
coloring, immersion in a given solution my 
produce one or more colors, so that the par 
should be held in the bath until! the desis 
tone is obtained. In all cases, parts s 
be thoroughly cleaned prior 

while a polished surface is n« 

tain best results. This surfac 
frequently makes it difficult t 

ings. 
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Table XVI—Typical Coloring Solutions for Beryllium Copper 


mE 





Black 


Steel Black 


Reddish Bronze 
Brown 
Blue- Black 





Chemically clean 
Immerse in 


1. Chemically clean 
2. Immerse in water 
solution of po- 
tassium sulfide 
for 5-10 sec. at 
100 F 
. Cold water rinse 
Hot water rinse 
. Dry by air blast 
. Lacquer 


obtained: 


. Cold water rinse 

. Hot water rinse 

. Dry by air blast 
Lacquer 





solution at 
180 F until uniform color is | 


4 oz. arsenious oxide | 2 oz. potassium s 
(white arsenic) 
8 oz. hydrochloric acid | 3 oz. caustic so 
(sp. gr. 1.16) 
Scratch brush while wet 


. Chemically clean 
Immerse in sol 
170 F until desire 
reached: 





(liver of sulft 


1 gal. water 
3. Cold water rinse 
4. Hot water rinse 
. Dry by air blast 
. Scratch brush 
7. Lacquer 
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Wrought Phosphor Bronzes 

~ , 8 Typical Properties 

om [= Phosphor Bronze, 5% | Phosphor Bronze, | Phosphor Bronze, | Phosphor Bronze, 
pee TYPE (Grade A) 8% (Grade C) | 10% (Grade D) | 1.25%-(Grade E) 
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Cu, 98.5 min. 
Sn, 1.0-1.5 
P, trace — 


Cu, 94.0 min. 
Sn, 3.5-5.8 
P, 0.03-0.35 


Cu, 90.5 min. 
Sn, 7.0-9.0 
P, 0.03-0.35 


‘Cu, 88.5 min. 
Sn, 9.0-11.0 
P, 0.03-0.25 
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Density, Lb./Cu. In. 

Melting Range, F 

Thermal Cond., Btu./Hr./Sq. Ft./Ft./F, @ 
68 F 

Coeff. of Exp. per F (68-572 F): 

Spec. Ht., Btu./Lb./F, @ 68 F: 

Elect. Res., Microhm-Cm. @ 68 F (An- 
nealed): 


0.320 
1750-1920 


47 
9.9x 107° 
0.09 


9.6 





MECHANICAL PROPERTIES 
Mod. of Elasticity in Tension, Psi. 
Tensile Str., 1000 Psi. (Flat Products, Wire): 
Annealed 
Half-Hard 
Hard 
Spring 
Extra Spring 
Yield Str., 1000 Psi.’: 
Annealed 
Half-Hard 
Hard 
Elongation in 2 In., %: 
Annealed 
Half-Hard 
Hard 
Spring 
Extra-Spring 
Hardness, Rockwell B: 
Annealed 
Half-Hard 
Hard 
Spring 
Extra-Spring 
FABRICATING PROPERTIES 
Capacity for Being Cold Worked 
Capacity for Being Hot Worked 
Hot Working Temp., F 
Annealing Temp., F 
Mapa rs Index (Free Cutting Brass 
Joining Characteristics: 
Soft Soldering 
Silver Alloy Brazing 
Oxyacetylene Welding 
Carbon Arc Welding 
Resistance Welding 
Common Fabrication Processes 








16.0 x 10° 


47, 50 
68, 85 
81, 110 
100, 140 
107, — 


19 
55 
75 


64 

28 
10 
4 


> 


5 


26 
78 
87 
95 
97 


Excellent 
Poor 


900-1250 
20 


Excellent 
Good 
Good 
Good 
Good 
Blanking, drawing, 





Blanking, 


0.318 
1620-1880 


36 
10.1 x 10°° 
0.09 


13 


16.0 x 10° 


55, 60 
76, 105 
93, 130 
112, — 
120, — 


24 
55 
72 


84 
93 
98 
100 


Good 
Poor 


900-1250 
20 


Excellent 

Good 

Good 

Good 
Excellent 
draw- 





0.317 
1550-1830 


29 
10.2 x 10°° 
0.09 


_16_ 
16.0 x 10° 


66, 66 
83, 118 
100, 147 
122, — 
128, — 


92 
97 
101 
103 


Good 
Poor 


900-1250 
20 


Excellent 

Good 

Good 

Good 
Excellent 
Blanking, 





form- 


0.321 
1900-1970 


120 
99x10°° 
0.09 


3.6 


17.0 x 10° 


40, 
55, 
65, 7 
75, 


14 


50 
48 


Excellent 
Good 







1450-1600 


900-1200 
20 


Excellent 
Excellent 
Good 
Good 
Fair 
Blanking, 


form- 


| forming and _ bend- 
| ing, heading and up- 


ing and bending, 
heading and up- 
shearing, 
and 


ing, forming and | ing and bending, 
bending, shear- | shearing. 

ing, stamping. | setting, 
and knurling, shear- | squeezing 
ing, stamping. swaging. 


setting, roll threading 








CORROSION RESISTANCE 


AVAILABLE FORMS 


USE 





ne 


| wire, rod, wire, 





Generally good resistance to atmosphere, water and salt water, salt solutions. Some resistance to 
alkaline solutions and inorganic acids. Poor resistance to organic acids, cyanides and ferric and 
ammonium compounds. , : ‘ay 
Rolled strip, rolled flat | Rolled strip, rod, wire. 
tube. 








“Rolled strip, wire. 





Electrical contacts, 
flexible hose, pole-line 
hardware. 


Heavy bars and plates 
for severe compression, 
good wear and corro 
sleeve bushings, | sion resistance. Bridge 
wire brushes. | and expansion plates 
and fittings. Articles 
requiring extra spring 
qualities, particularly 
in fatigue. 


sheets, textile machinery, welding rods, beater bars, 
bellows, clutch disks, cotter pins, diaphragms, fuse 
washers, 
truss wire, 


fasteners, lock 
switch parts, 


clips, 
springs, 














1 
) reneth at 0.5% extension under load. 


Prepared with the assistance of the Copper & Brass Research Assn. 
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COVER 
~ OVER 





The Testing of 


PLASTICS 


No it’s not an easy job to compile a complete story on the Stiffness, the Flow Testers, the Heat Distortion , 
a ad | 

the physical testing of plastics but now that it is an Testers, and many more are included—from initia | | 

accomplished fact we’re glad to pass it on to you. discussion to complete specifications of each machin. Hy | | 


There’s a section too on the exclusive Olsen Electronic : 

Olsen Bulletin +36 gives in detail the story of every Recorders and the specialized accessories and tool. | 
type—and there are over twelve types — of Olsen testing 

| equipment made especially for the testing cf plastics. This up-to-the-minute Bulletin, which the plastics it- 

The story of the Plastiversal—Universal Testing Ma- dustry has been demanding, is just off the press—wirilt 


chine, the LO-CAP, the Torsion-Stiffness, the Impact, today for your copy—it’s the Olsen Bulletin + 36. 
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B  OTINIUS OLSEN | | 
TESTING MACHINE CO.) Mme | 


2010 Easton Road, Willow Grove, P@ 5 


£5 








We will be glad to show you our new plant on Easton Road, 
Willow Grove, Pa. (Suburb of Phila.). Over 100,000 square 
feet of area all on one floor devoted exclusively to the manu- 
facture of testing and balancing equipment. 
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Many of the present applications of plastics involve sustained 
stress and continuing deformation. The use of plastics as light- 
duty structural members has intensified the need for authoritative 
creep data. It is the purpose of this table, therefore, to sum- 
briefly the most recently available creep data on the 
phenolic thermosetting plastics. This is done by listing for vari- 
ous types of thermosetting plastics the stress to which they can 


marize 


MATERIALS: Thermosetting Plastics 


Long-Time Strength of Thermosetting Plastics 


servative side. 


be subjected for several years without showing significant creep. 

Although the results obtained by several investigators show 
general agreement in many cases, the limited number of investi- 
gations made and the varied materials and conditions employed 
make it necessary to consider these values only as approxima- 
tions. Generally, these estimates are believed to be on the con- 


Predicted Long-Time Strength of Phenolic Thermosetting Plastics 





Material 





Mod. of 


Elas- 

Short- | ticity 

| Time | in Ten- 
Ult. | sion, 
Str., | Psi.x 
Psi. | 10° 


Estimated Long-Time 





Psi. 
_Unnotched | Notched 


Ultimate Strength, 


75 F (50% Relative Humidity) 


Mod. of 
Elas- 

| ticity in 
___.| Tension, 
Unnotched | Notched | Psi. x 10° | 


Ult. Str., % of Short- 
Time ure Str. 


Estimated Page rime 


| 


| Estimated Long-Time | Estimated Long-Time 
| Ultimate aes 


| Unnotched Notched | | Unnotched Notched 


180 F 





Ult. Str., % of Short- 
Time Ult. Str. at 75 F 





Woodflour- 
Filled 


Asbestos- 
Filled 


Kraft 
Paper- 
Filled 


Macerated 
Fabric- 


Cotton | 
Flock- 
Filled 


Filled 


Cord- 
Filled 


; = 
Filled 





npound 


“Chopped | 


| 6100 | 1.28 


| | 
4400 | 2.47 
| —— 


1.42 








Mica- 


2000- 
2800 


| 1500- 
| 3200 


1000- 
1400 


-900- 
1900 


1900 


1200- 
1800 


39 


53 


| 


1200- 
1400 


~ 1300- 
1400 


1200 


| 1500 


1200 
1200- 
1400 


<100 


~-700- | 
| 800 31 


1200- 


900- | 


600- 
700 21 11 








The data in this 





table are adapted from published research by C. E. Staff, H. M. Quackenbos, Jr., J. M. Hull, 
D. Telfair, T. 8S. Carswell, H. K. Nason and W. J. Gailus. 
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I-S SPRINGS of beryllium copper can help yoy 


IMPROVE YOUR PRODUCT’S QUALITY, REDUCE YOUR COST, INCREASE YOUR PRODUCTioy 


Instrument Specialties Company specializes in the 
design and custom manufacture of age-hardened 
alloy springs. With our specially developed pro- 
cesses and machines, our engineers are able to 





realize the fullest performance potential from the 
superior spring materials around which I-S sery. 
ice to designers and manufacturers has been de. 
veloped. 








PRODUCTION 





STRIP SPRINGS 


Fabricated from beryllium copper. 

Easily handled, readily broken apart by hand or used 
in automatic or semi-automatic assembling devices 
and contact riveting machines. 

Individual pieces may be broken off without trace of 
burr. 

Eliminate sorting, untangling and handling of loose 
pieces. 

Springs may be produced in strips to various shapes; 
formed angles may be held within plus or minus one 
degree. 

Heat treated in multiple fixtures to insure uniformity, 
close tolerances and elimination of variations ip 
spring-back. 





COIL SPRINGS 


Made from laboratory tested beryllium copper wire. 
Special coil and heat treating equipment insures 100% 
uniformity. 





Guaranteed rigid tolerances held on diameter and load 
tests at specified deflection. 
These factors combine to assure increased service life 


through higher endurance strength—make products 
perform more consistently by eliminating drift, set or 


fatigue. Furthermore, they eliminate expensive hand Al 
adjustment and reduce inspection costs of finished + oan 
product. dam 


avail 





Co., 








FOR 


t 
spot 

HIGH FREQUENCY SPECIALTIES 

We are equipped to supply standard mating parts for 


use with 2C-39, 2C-40, 2C-43 and 3C-37 tubes, or 
custom made parts in related fields. 


Grounding strips and contact fingers can be supplied 
in standard or special contours. 


“Flea” contacts for subminiature tubes. 





LOW 





ACTIVITY 





SHORT-RUN SERVICE 


For those who need quick delivery of parts in pilot 

quantities or require a low-cost proving ground for 

spring designs. I-S methods eliminate expensive too Th 
ing. Laboratory controlled, precision produced—yet 
at lower cost than is possible with permanent, high- 
activity tools. 





We are equipped to handle conventional stampings ne’ 


in short runs or in high production. de 
S1Z 


m 
an 





A COMPLETE ENGINEERING AND 1 





SAMPLE SERVICE 


_— 





INSTRUMENT SPECIALTIES co INC When your product is in the — _ j : 
44 ” us show you how 1-S springs o! > | 


ne 
copper may be designed to ft your sh 


224 Bergen Boulevard Little Falls, New Jersey Ample stock, flexible facilities, short set-uf 7 


Telephone: Little Falls 4-0280 
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time speed production of sample lots 


trial orders. 












MATERIALS & ME? 1oDs A 


New Materials an 


Materials 





Silicone Rubber Sponge 


An improved Cohrlastic silicone rubber 
sponge, claimed to be suitable as a vibration 
dampener for extreme temperatures, is now 
available from Connecticut Hard Rubber 
Co., 407 East St., New Haven 9, Conn. 

This company has had a silicone rubber 
sponge on the market for two years, but the 





Cobrlastic sponge has been made 
tly developed silicone rubber 


compounds. 
lew sponge has been made from recently 
developed silicone compounds. The cell 
‘ize of this new sponge is claimed to be 
more uniform than in earlier constructions 
“= naterial has improved tensile 
. Strengt 


Ngation, tear strength and abra- 
ice. It has a density of 25 to 35 


™ in. b. and resists temperatures from 
100 ¢ OF 


The 


shee ts 





tial is available from stock in 
lg- and 4-in. thick which 
© fairing strips, seals, gasketing, 


can be 








etc., and is also available in special extru- 
sions and molded shapes. 


Modified Aluminum Alloy 


A new aluminum alloy, quite similar to 
61S but with improved formability, has 
been developed recently by Aluminum Co. 
of America, Oliver Building, Pittsburgh 19, 
Pa. Called 62S, the alloy owes its improved 
working properties to a somewhat reduced 
chromium content and generally finer grain 
sizes. 

Principal advantages of the new alloy are 
claimed to be as follows: 

1. Better appearance caused by finer 
grain size. 

2. More uniform “spring-back” dur- 
ing forming in the T-6 temper 
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condition 
aged). 

3. Lower yield strength and slightly 
better workability in annealed con- 
dition. 

Mechanical properties of 62S are believed 
to be generally the same as those of 61S. 
Thus, typical values in the neighborhood of 
45,000 psi. tensile strength, 40,000 psi. 
yield strength, 17% elongation (rod), and 
95 Brinell hardness can be expected in the 
T-6 temper. Annealed, these typical prop- 
erties run 18,000 psi. tensile strength, 8000 
psi. yield strength, 30% elongation (rod), 
and 30 Brinell hardness. 

Applications of 62S are expected to be 
about the same as those of 61S, which is 
widely used in the marine field. 


(solution treated and 


Parts & Forms 


Extruded Plastic Pipe 


A semi-rigid plastic pipe, designated as 
Carlon T, has been developed by Carter 
Products Corp., 10235 Meech Ave., Cleve- 
land 5, Ohio, to supplement its standard 
line of flexible pipe. This extremely light- 
weight pipe is claimed to eliminate many 
pipe installation problems as well as the 
need for materials handling equipment. 

The plastic construction of T pipe elimi- 
nates problems of rot, rust and electrolytic 
and galvanic corrosion. The durable pipe 























is said to have a projected service life more 
than double that of ordinary pipe, even 
under severest operating conditions. Its 
semi-rigid characteristics make it suitable 
for suction lines and transmitting industrial 
sewage, as well as for exhaust systems 
handling highly corrosive gases. 

Furnished in random 20-ft. lengths, Car- 
lon T pipe sections are connected by means 
of plastic sleeves, which are first treated 
with a special cement and then slipped over 
the ends of the sections to be joined. 
Threaded plastic sleeves can be furnished to 
permit connection of Carlon T to estab- 
lished metal pipe installations equipped 
with standard fittings. 


Sintered Metal Bearing 


An oil-impregnated sintered metal bear- 
ing, known as the Haller Oil Well Bearing, 
has been developed by Michigan Powdered 
Metal Products Co., Inc., Northville, Mich. 

The oil, which is absorbed by the sin- 





Oil retention in these Haller Oil Well 

Bearings is increased by a central cavity, 

sometimes filled with sponge iron (as on 
the right). 


tered metal, also fills a cavity in the center 
of the bearing wall, resulting in a greater 
oil content than is possible in conventional 
bearings. This increased lubricating quality 
is said to practically eliminate “freezing” 
under even extremely adverse operating 
conditions. 


Coatings & Finishes 





Dust Repellent 


A liquid called Logo Stat, claimed to 
provide an inexpensive, easily applied treat- 
ment for polystyrene to prevent attraction 
of dust, is being manufactured by Bee 
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quipment 





Chemical Co., 13799 South Ave. “O”, 
Chicago 33, Ill. The material is applied by 
dipping immediately after molding to pre- 
vent dust accumulation during handling. It 
is said to be quick-drying, insoluble in 
water following application, and unnotice- 
able on the plastic. 


Electroplating Aluminum 


A complete electroplating process claimed 
to be suitable for all regularly used alloys 
of aluminum has been developed by Mac- 
Dermid, Inc., Huntington Ave., Waterbury, 
Conn. 

The Alumetex Process consists of an alka- 
line non-etch type cleaner, two acid etches, 
and an immersion coating prior to electro- 
plating the aluminum with a copper flash. 
Any type of electrodeposit can be used on 
the copper flash. 

Advantages claimed for the process are: 
(1) good corrosion resistance and adhesion 
obtained by simple immersion treatments; 
(2) complete elimination of blisters, pits 
and dull deposits; and (3) sand castings, 
die castings and wrought aluminum can be 
processed through the same cycle. 





Nonferrous Metal Finishes 


Three new products, including a chro. 
mate-type, corrosion resistant finish for alu. 
minum, have been announced recently | 
Allied Research Products, Inc., Baltimore ) 
Md. The other products are a powder form 
of an Iridite coating for the protection of 
zinc and cadmium, and a new type of ¢. 
ganic brightener for zinc plating solution; 

The aluminum finish, known as Iridite 
Alcote, is said to resist salt spray for as long 
as 1000 hr. on wrought stock and 250 }; 
on castings, depending upon the alloy an4 
the treating time. In addition, the coatinp 
is claimed to be highly resistant to abrasion: 
treated parts can be buffed and mechanical) 
handled or formed without materially af. 
fecting the finish. Iridite Alcote serves as , 
good paint base and also seems to aid mate. 
rially in shielded-arc welding, but current 
tests indicate that there may be limitations 
on its use on parts to be spot welded. 

Like the Iridite finishes for zinc and cad. 
mium, Iridite Alcote is applied to parts by 
a simple, non-electrolytic dip with the solu. 
tion operating at room temperature. N 
fumes are given off during processing an 
consequently, no exhaust systems are re 
quired. The coating ranges in color from 
clear to light bronze, and can be obtaine 
from as short an immersion as 10 s 
Recommended immersion time for greatest 
color intensity and corrosion resistance is 
2 min. 

The new zinc plate brightener compound 
is called ARP No. 3 and will be supplied in 
liquid form for use in any type of zinc plat- 
ing bath. It is claimed to produce better re- 
sults at lower cost than established materials 
now on the market. 


Heating 





Pilot Tunnel Kiln 


A small tunnel kiln for speeding up pro- 
duction test runs is being manufactured by 





This Harper kiln allows firing schedules to 
be established at a first low cost of equip- 
ment. 


Harper Electric Furnace Corp., 1461 Butta! 
Ave., Niagara Falls, N. Y. 

The kiln has been designed to permit 
duplication of most fising schedules. It's 
being used in test firing of ceramic powders, 
steatite, electrical porcelain, insulators, elec 
tronic components and other ceramic proc 
ucts. 


Heating for Welding 


A two-unit combination for pre-heatins 
before welding and stress relieving alt 
welding has been announced by “/e0r 
Arc, Inc., 152-162 Jelliff Ave., News! 
N. J. The equipment is known as the wae 
Kva. Model RTA Regulating Unit 4% 
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“MEERANITE. 
METER 
FITTINGS 












Meehanite FLOWRATOR flow meters 
and VALVRATOR diaphragm motor 
valves for continuous proportioning 
strip pickler at a tin plate mill, 


( Fig. 2) 


, Pa., make the headlined statement as 
and experience in the field. A specific 
r Meters (Figure 1) applied to achieve accu- 
t (Figure 2). Close measurement control is a 
; fundamentally dependent upon the corrosion 
resistance of the component parts of the instrument. 
In this application the flowmeter measures 60° to 66° Baume sulphuric acid. 
Considerable research has been devoted to the development of a number 
of Meehanite metals to meet specific corrosive problems. However, in all 
applications of Meehanite castings the problem is attacked from the stand- 
point of the achievement of the proper metallurgical constitution of the 
material to give maximum service, whether it be resistance to wear, heat, 
corrosion or destructive stresses. 
If you are faced with problems involving castings which must provide the 
maximum combination of properties for your needs, turn to your Meehanite 


foundry for the answer. Ask for the Handbook of Meehanite Metals. 


Take Your Casting Problems To A MEEHANITE Foundry! 










































































American Brake Shoe Co. Mahwah, New Jersey Florence Pipe Foundry & Machine Co........___ Florence, New Jersey Pohiman Foundry Co., Inc. Buffalo, New York 
oe aundry Machinery Co. Rochester, New York Fulton Foundry & Machine Co., inc. Cleveland, Ohio The Prescott Co. M inee, Michigan 
oundry Co, Detroit, Michigan General Foundry & Manufacturing Co... __Flint, Michigan Rosedale Foundry & Machine Co. —___Pittsburgh, Pennsylvania 
a ks St. Louis, Missouri Greenlee Foundry Co......__..+= ++ Chicago, Iilinois §=Ross-Meehan Foundries Chattanooga, Tennessee 
bw. Sie be & Machine Co.__ ——Irvingten, New Jersey The Hamilton Foundry & Machine Co. Hamilton, Ohio =Shenango-Penn Mold Co. _ Dover, Ohio 
Builders iron Foundry lec. Hastings, Mich. and Toledo, 0. Johnstone Foundries, Inc. ___ Grove City, Pennsylvania  Sonith Industries, Inc == _sindianaapoolis, Ind. 
H.W. Butte, —— Providence, Rhode Island Kanawha Manufacturing Co. ______Charleston, West Virginia Standard Foundry Co.__ ee aet, eceeeettin 
deatheenes rs & Sons Co,_ ——Sethayres, Pennsylvania Koehring Co._ tonne _____Milwaukee, Wisconsin The Stearns-Roger Manufacturing Co... == SE Denver, Colorade 
The Qnosen-Renes —_____ Birmingham, Alabama Lincoin Foundry Corp. Los Angeles, California Traylor Engineering & Mig. Co... Allentown, Pennsylvania 
small ; Be : mer Corp. Mt. Vernon, Ohio and Grove City, Pa. E. Long Ltd. Orillia, Ontario Valley ron Works, Inc. . St. Paul, Minnesota 
Farrel-Birm P y Foundry Co. Portland, Oregon Otis Elevator Co., Ltd. Hamilton, Ontario Vulcan Foundry Co. . Oakland, California 
Eham Co., Ine, Ansonia, Connecticut The Hewry Perkins Co. Bridgewater, Massachusetts Warren Foundry & Pipe Corporation Phillipsburg, New Jersey 
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“Courteous treatment 
by salesmen...” 


that’s only one of the things 


we mean by Service Plus! 





recent survey of our customers impressed us again with the fact that “a 
A company is only as good as its personnel!” Many customers told us 
that they like to do business with United States Steel Supply Company be- 
cause of the courteous attention they receive from our salesmen. We’re glad 
their efforts are appreciated and we assure’ you that every order you place, 
large or small, will receive prompt, courteous attention from men who know 
their business. 

Service Plus is our pledge to handle your order as you want it handled. 
Our capacity to serve you includes a complete range of steel products, an un- 
rivaled reputation for prompt delivery, and years of experience in providing 
the most complete steel service available. 


BARS - PLATES - STRUCTURALS - SHEETS - STRIP - REINFORCING BARS 
STAINLESS - ALLOY STEELS - ALUMINUM 
TOOLS - EQUIPMENT - MACHINERY 


UNITED STATES STEEL 
SUPPLY COMPANY 


Warehouses and Sales Offices: 
BALTIMORE + BOSTON - CHICAGO :+ CLEVELAND - LOS ANGELES 
MILWAUKEE + MOLINE, ILL. « NEWARK «+ PITTSBURGH - PORTLAND, ORE. 
SAN FRANCISCO - SEATTLE - ST. LOUIS + TWIN CITY (ST. PAUL) 


Sales Offices: KANSAS CITY, MO. + PHILADELPHIA + ROCKFORD, ILL. 
TOLEDO - TULSA + YOUNGSTOWN 


Headquarters Offices: 208 S. La Salle St. — Chicago 4, Ill. 
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New Materials 
and Equipment 


40-Kva. Model AC3 Low Frequency Induce. 
tion Heating Unit by the Smith-Dolan Sys 
tem. 

This combination is designed for yse jp 





Above is the Model AC 3 induction heating 
unit; below is the Model RTA regulating 
unit. 


limited space where the extreme flexibility 
of this company’s smallest induction heatet 
(10-Kva. Model VP) is not needed. With 
these models, more equipment can be added 
as required. 

& 


Welding and Joining 


Welding Torches 


Two new welding torches wit! orn 
attachments have been introduced Sy © 





MATERIALS & METHODS 























We HG OWs 
MVWICE 


FOR ANYTHING FROM TOOL 
ROOM WORK TO A 15° PLANER, 
IRON AND STEEL CASTINGS, 

AND WELDMENTS 











Vie, Phone, or on . 
om Write us Your 0 Charq 
Requirements | fi } 


Engineering and Foundry Compan 


948 Duquesne Way ®° Pittsburgh, Pa. 


WORLD RENOWNED DESIGNERS AND BUILDERS 
OF LIGHT, MEDIUM AND HEAVY MACHINERY 


























Now PRECISION BALLS 
of Synthetic Sapphire 


Now ... the wear, corrosion, and heat resist- 
ance of synthetic sapphire in balls polished 


to within 20 micro-inches of sphericity. 


HESE unicrystalline spheres resist corrosion or 
j pee by many acids and alkalis .. . possess a 
higher dielectric strength than glass or mica... have a 
low coefficient of friction and superior hardness. In 
many applications, they need not be lubricated. 
LINDE synthetic sapphire balls are available in Imm, 
1l¢ inch, % inch, and 4 inch sizes. Three surface 
finishes are available: super-finished, semi-finished, and 
rough-ground blanks. 
CALL or WRITE any LInbDE office for information 


on these balls, or the other forms of LINDE synthetic 





sapphire. 
PROPERTIES 
CIR 6 hbo bc Se Wr edccccwed sc cceevceaccns’s Al2O3 
Ce Rk nb cde neideccevecsencéves 0.140 
(Steel pivot on sapphire ring) 
SSneenee GIN 250.060 cbsdccdececccvaces 1525—2,000 
Modulus of Elasticity in Flexure.......... 50—56 x 10° psi 
SG I a Wien Wieden ob 6 ose vessecccsceen 7.5—10 
Modulus of Rigidity. ............45. 21.5—27.5 x 10° psi 
Thermal Coefficient of Expansion ...........sse6. 5.0—6.7 
up to 50°C (per °C x 10-9) 
Chemical Resistance. ..... Unaffected by acids, dilute alkali. 











THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 
30 East 42nd St., New York 17, N. Y. UCC Offices in Other Principal Cities 
In Canada: THE DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The term “Linde” is a trade-mark of The Linde Air Products Company 
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New Materials 
and Equipment 


Welding & Cutting Co., Inc., 515 W. 29 ae 

St., New York City. 
The smaller E50 Torch has a weldinp 

range up to tip size 40 and cutting range yp 

to tip size 45. The larger K50 torch has , 

welding range up to tip size 20 and cutting 

range up to tip size 40. ; 


Low Hydrogen Electrodes 


A complete line of low hydrogen elec. 
trodes is now being produced by the Weld. 
ing Div. of Harnischfeger Corp., 4400 W 
National Ave., Milwaukee 14, Wis. The 
series comprises 14 different types, covering 
all welding applications where deposits low 
in hydrogen are desirable to eliminate 
under-bead cracking. 


Projection Welders 


Banner Manufacturing Co., 4934 N. 29 
St., Milwaukee, Wis., has announced a new 








The new Banner projection welder: rang 
in size from 50 to 150 Kva 
r 4 sf ction 
line of press type, air-operated pro)ect 
and spot welders: They range in Ss! 
50 to 150 Kva. and are said to incorporat 


from 


many innovations in design and construe 
tion over former equipment. 
, . nam 0 

Ample capacity for a wide range 


= § 
MATERIALS & METHOD? 
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custom molder’s know-how 


you may find you need fewer parts! 





I; pays fo use your 
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® Suppose you had designed an iron 
to gladden any ironer’s heart, only to 
Cad dead ; ee : 

und that the plastic handle would have 
to be made in two halves to retain all 


its selling points and hence would cost 
too much. 


What to do? Using successful past 
experience as a guide, Noblitt-Sparks 
engineers conferred with their custom 
mold 

Drawing on a solid background of 
plast ind molding techniques, these 


molcers helped to work out a new one- 


A hit with plastics users 
the handy. "Durex Check-Chart, ” Write 


for yours, Dass Piast “shag Ine. 
144 Walck 1 N. 


APRIL. 
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PROJECT 
Handle for Arvin DeLuxe Electric Iron 


CUSTOMER 


Noblitt-Sparks Industries, Inc., Columbus, Indiana 


MOLDER 


Plastics Research Products Co., Urbana, Ohio 


MATERIAL 
Durez general-purpose phenolic plastic 


ga 

















CORD-RETAINER INSERT 
is quickly reversible to make 
same iron “right-” or “left- 
handed.” The 1-piece main 
body of handle, originally 
planned as a 2-piece unit, is 
molded in same mold as the 
insert. Customer saved al- 
most 50% on mold costs 
formerly estimated. 





piece Durez handle with the desired 
heart-shaped indicator window, ther- 
mostat knob recess, undercut engrav- 
ing, and a separate cord retainer that 
converts the iron for right- or left-hand 
use in an instant. This new handle 
eliminated the costly operation of as- 
sembling two component halves with 
screws and inserts. The high natural 
finish of the Durez phenolic makes 
buffing unnecessary. Flash is removed 
by an undercutting profile fixture, thus 
providing a smooth, comfortable, and 


RESINS 





~ 


PHENOLIC 


decorative solution to an otherwise 
costly hand cleaning problem. 

Not every manufacturer can use his 
molder’s know-how to reduce the num- 
ber of molded parts and their cost by as 
much as a third, as this one did. Yet 
good custom molders can supply good 
ideas as well as good moldings. 

Like Plastics Research Products, 
your molder knows how to use the 
excellent properties of Durez plastics 
to your best advantage. Call freely on 
him — and on us. 









MOLDING COMPOUNDS 


INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 


PHENOLIC PLASTICS THAT FIT THE JOB 
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FORGINGS.,:., 


SALE S§S 


FEATURE 


is Tt9o USE 
MORE FORGINGS 


A REFERENCE BOOK ON 
FORGINGS FOR ALL USERS OF METAL PARTS 


60 pages of authoritative information on 
metal quality as developed in forgings 
formed through the use of closed impres- 
sion dies. Forging production techniques 
are described and illustrated; economic 
advantages of forgings are presented from 
the viewpoint of top management, design 
engineers, metallurgists and production 
executives. Your copy is ready. Fill in and 
attach coupon below to your business 
letterhead. 


@ What a forging bas—can’t be 
duplicated! No other method of 
fabricating parts utilizes fully the 
fiber-like flow line structure of 
wrought metals. Thus, forgings 
provide matchless capacity for the 
toughest work loads and fortify 
your product for better perform- 
ance. Forgings forestall and reduce 
downtime due to failure of highly 
stressed parts; provide a factor of 
greater safety for men and ma- 
chines. A recheck of every stressed 
part, as well as simple handles 
and levers, frequently reveals op- 
portunities to improve a product, 
to reduce the cost of machining 
and finishing or to speed up as- 
sembly. Consult a forging engi- 
neer—only a forging engineer can 
inform you fully regarding the 
many quality advantages and cost- 
reducing possibilities that are 
obtainable with forgings. 


Please send 60-page booklet entitled 
“Metal Quality—How Hot Working. Im- 
proves Properties of Metals”, 1949 Edition. 


NAME 
POSITION 
COMPANY. 
ADDRESS. 






























New Materials 
and Equipment 


metals is assured by a heavy-duty trans. 
former, equipped with an 8-stage serie; 
parallel heat selector switch. When the ma. 
chines are equipped for spot welding, 234. 
in. dia. arms and 114-in. dia. ejector type 
holders are provided. 


Soldering Unit 


A new soldering unit for all types of 
operations, including silver soldering and 
brazing, has been announced by Wasserlein 
Manufacturing Co., Inc., 7400 Third Ave. 





The Wassco Glo-Melt Unit is claimed to be 
suitable for rapid, precision soldering. 


No., St. Petersburg 6, Fla. The Wassco 
Glo-Melt operates on the conduction prin- 
ciple and has a 24-heat selector for handling 
lightest up to heaviest work. 

The 25-lb. unit has a capacity equal to 4 
450-watt heavy electric iron. Soldering 1s 
done with a 5-oz. handpiece. 


Cast Iron Electrode 


An electrode recommended for general 
welding of cast iron, especially where [ree 
machinability and color match are required, 
has been introduced by All-State Welding 
Alloys Co., Inc., 273 Ferris Ave., White 
Plains, N. Y. It is designated as All-otate 
No. 8 New Machinable Cast Iron Ele le. 

The electrode has a core that is more 
than 99% nickel and is 15 in. long i read 
of the usual 14 in., proportionately recuc 
ing stub losses. It is designed for a.c. 
d.c. straight or reverse polarity ana a 
perages ranging from 40 to 180, depencing 
on diameter. It is claimed to produce welds 
having tensile strengths from 30,000 © 
50,000 psi. 


MATERIALS & METHODS 


A & A Die Cast and Plastic Molds Co., 
West Los Angeles, Calif. 
The Accurate Die Casting Co., Cleveland, Ohio 
Advance Pressure Castings, Inc., Brooklyn, N. Y. 
Advance Tool & Die Casting Co., Milwaukee, Wis. 


Badger Die Casting Co., Milwaukee, Wis. 





Central Die Casting & Mfg. Co., Inc., Chicago, IIl. 
Cleveland Hardware & Forging Co., Cleveland, Ohio 
Congress Drives Division, Tann Corp., Detroit, Mich. 


Continental Die Casting Corp., Detroit, Mich. ~ 
Division of F. L. Jacobs Co. 
Crown City Die Casting Co., Pasadena, Calif. 


Doehler-Jarvis Corp., Pottstown, Penna. 
Doehler- Jarvis Corp., Toledo, Ohio 
Doehler-Jarvis Corp., Chicago, IIl. 
Dollin Corporation, Irvington, N. J. 
Du-Wel Metal Products, Inc., Bangor, Mich. 


Fanarc Manufacturing Co., Inc., Whittier, Calif, 
Federal Die Casting Co., Chicago, II. 


Glenvale Products Corporation, Detroit, Mich. 
Globe Imperial Corporation, Rockford, IIl. 
C. M. Grey Mfg. Co., East Orange, N. J. 


Heick Die Casting Corporation, Chicago, II. 
Hilfinger Corporation, Toledo, Ohio 
The Hoover Company, North Canton, Ohio 


Kamin Die Casting & Mfg. Co., Chicago, IIl. 
Kiowa Corporation, Marshalltown, lowa 


Madison-Kipp Corporation, Madison, Wis. 
Milwaukee Die Casting Co., Milwaukee, Wis. 

Modern Die Casting Corp., Chicago, IIl. 
Monarch Aluminum Mfg. Co., Cleveland, Ohio 
Mt. Vernon Die Casting Corp., Mt. Vernon, N. Y¥. 


New Products Corp., Benton Harbor, Mich. 


Paragon Die Casting Co., Chicago, IIl. 
Parker White Metal Co., Erie, Penna. 
Peckinpaugh Metals Corp., Cleveland, Ohio 
Precision Castings Co., Inc., Syracuse, N. Y. 
Precision Castings Co., Inc., Cleveland, Ohio 
Precision Castings Co., Inc., Reed Metal 
Crafts Division, Chicago, III. 
Pressure Castings, Inc., Cleveland, Ohio 


Racine Die Casting Co., Racine, Wis. 


St. Louis Die Casting Corp., St. Louis, Mo. 
Schultz Die Casting Co., Toledo, Ohio 
Sterling Die Casting Co., Inc., Brooklyn, N. Y. 
Stewart Die Casting Div, of Stewart Warner Corp., 
Bridgeport, Conn, 
Stewart Die Casting Division of Stewart Warner Corp., 
Chicago, Ill. 
Stroh Die Moulded Casting Co., Milwaukee, Wis. 


The Superior Die Casting Co., Cleveland, O. 
The Tool-Die Engineering Co., Cleveland, Ohio 
Twin City Die Casting Co., Minneapolis, Minn. 


Union Die Casting Co., Ltd., Los Angeles, Calif. 
Universal Die Casting Co., Los Angeles, Calif. 


Wells Die Casting Co., San Francisco, Calif. 
Western Die Casting Co., Emeryville, Calif. 
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| AMERICAN DIE CASTING INSTITUTE, INC. 


366 MADISON AVENUE NEW YORK 17, N.Y. — 
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New Materials 


and Equipment 





Pneumatic Drop Stamp 


Chambersburg Engineering Co., Chan. 
bersburg, Pa., has announced the addition 
of a new Cecostamp, Model L, to its line of 
air-operated drop stamps. The new machine 
is said to be 10% more powerful than pre. 
ceding Cecostamps. 

Among several important safety features 
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duction time alone. Then think how con- 
tinued re-use of the same dies in subse- 
quent jobs writes off first cost. 


Change-orders from the engineering de- 
partment usually cause plenty of head- 
aches in production...particularly where 





die piercing operations are involved. 


But, if you’re using Whistler Adjustable 


Dies, there is no lost time— 
no waiting—no extra die ex- 
pense. The same dies are easy 
to rearrange to the new de- 
sign. Add units from stock, 
or delete sizes and shapes no 
longer required. Arrange the 
new set-up right on the press. 


Consider the savings in pro- 





Whistler Dies can be used in practically 


any press. 





All parts are interchangeable. 
Precision is assured on long 
or short runs. Closer centers 
permit fewer press operations. 


Deliveries are. quick... little 
or no waiting. Standard round 
punches and dies up to 3” are 
available from stock. Ovals, 
squares, rectangles and special 
shapes made up in a few days. 





Cecostamp Model L has been added to the 
Chambersburg Engineering line. 


is the location of the control mechanisms !0 
such a position that the operator is [ree 0! 
moving parts. 


Controlled Metal Forming 





The Marform metal forming ' Ger" 

oped by Glenn L. Martin Co pet! 
WRITE for the Whistler Catalog today and get all the facts! made available to industry gen ally bi The 
Hydropress, Inc., 570 Lexington Ave., New que 
York City. These units have enabled Ma! od 


S. B. WHISTLER & SONS, INC. 


BUFFALO 17, NEW YORK 


First public showing of Whistler Magnetic Dies at work— 
Booth 832—ASTE—Convention—April 10 to 14—Philadelphia. 


756 MILITARY ROAD 
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tin engineers to cut costs of formed she 


metal parts by as much as 50%. Spec™ 
advantages of the process have been 
scribed previously in MATERIALS & METH: 
ops (Oct. 1949, p. 143). 


The process depends upon precision co® 


MATERIALS & METHODS 


| DURAMOLD A 


hir-Hardening Hobbing Stee/ tor Mold Cavities 


Duramold A has outstanding advantages for mold 
cavities used in the plastics industry. It's easy to hob 
. and its 5 pct chromium content provides high 
wear-resistance and core strength. Distortion in hard- 
ening is minimized by its air-hardening characteristics. 
Duramold A has the balanced alloy content that 
meets today’s requirements for a hobbing steel with 
high mechanical properties. Here are the facts: 





High Wear-Resistance. Duramold A is suitable for long 
runs because of its alloy content and high surface- 
hardness after carburizing (Rockwell C—61 to 63). 


Holds Close Dimensions. Air-hardening greatly re- 
duces distortion in hardening, making Duramold A 
suitable for intricate cavities, thin sections. 


Easy to Hob. It anneals to less than 109 Brinell and 
hobs deeper than the nickel-chromium steels. It does 
not work-harden rapidly. 


Takes High Polish. Duramold A is scrupulously in- 
spected to assure a clean, sound structure. The 5 pct 
chromium content provides improved corrosion- 
resistance, as compared with ordinary hobbing steels. 


For High Temperatures and Pressures. It is suitable for 
operating temperatures up to 650 F. Its high core 
strength permits high pressures. 


High Surface Hardness. An air-cool, following car- 
Hobbed from Duramold A in one push, this mold is a fine example are at aoe : = = a - ned Popa 
of the intricate detail which can be attained in hobbing. The Tresuits In a SUTIACS NAaraness Of NOCKWe nr 0 é 


square and diamond-shaped ‘‘core pins’’ were raised up in the Core hardnesses are in the range of Rockwell C—30. 
mold by the pressure of the master hob. Movement in heat- 


treatment was held to a minimum. For Machined Cavities. When Duramold A is used for 
a machined cavity, it is annealed at 1600 F to obtain 
a Brinell hardness of 170. . . which machines easily. 


3 Mn Si Cr Mo 


Typical Analysis 557... 040 020 450 045 


The nearest Bethlehem sales office or tool-steel dis- 
tributor will gladly tell you about this hobbing steel 
and other Bethlehem Tool Steels for both hobbed 
and machined cavity molds. Write today for our new 
booklet, ‘“Tool Steels for the Plastics Industry.” 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 


On the Pacific Coast Bethlehem products 
are sold by 
Bethlehem Pacific Coast Steel Corporation 


The highly polished surfaces of the mold made possible a high- Export Distributor: 


quality finish on these injection-molded plastic barrettes. Mold Bethlehem Steel Export Corporation 
made by Banner Mold & Die Co., Inc., Leominster, Mass. Plastic 


molding by E. B. Kingman Co., Leominster, Mass. 
gtRSO yy 
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| LOW-COST 
HYDROGEN 


AND 


NITROGEN 


YOU effect real economies when you use Barrett Standard 
Anhydrous Ammonia as a replacement for other more ex- 
pensive sources of hydrogen and nitrogen. 


Barrett Standard Anhydrous Ammonia (Refrigeration Grade) 
contains a minimum of 99.95% NH, and is oxygen free with 
a very low dew point. When dissociated, each pound produces 
approximately 34 cubic feet of hydrogen and 11 cubic feet 
of nitrogen. 


Engineers have discovered many advantages from the use 
of dissociated ammonia in the production of controlled at- 
mospheres in furnaces for bright annealing, clean hardening, 
copper brazing, sintering, reduction of metallic oxides, atomic 
hydrogen welding, radio tube sealing and other metal-treat- 
ing practices. Anhydrous ammonia also has unsurpassed 
qualities in nitriding of steel, used as ammonia gas or dis- 
sociated. 


Barrett Standard Anhydrous Ammonia is available in 150, 
100 and 50-pound cylinders from stock points conveniently 
located from coast to coast; or, for larger users, in tank car 
shipments from Hopewell, Virginia, and South Point, Ohio. 


The advice and help of Barrett technical men are available 
to Barrett customers without charge. For information, con- 
tact Barrett, America’s leading distributor of ammonia. 





THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


40 RECTOR STREET. NEW YORK 6. N.Y. 
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New Material; 
and Equipment 





trol of the pressure curve for the formino 
cycle of the part. Close control preven 
formation of wrinkles and reduces spring. 
back to a minimum. In addition to simple 
draw operations, the Marform process cap 
be used to form and trim flanged parts an; 
to shear, as well as form, in the same opera. 
tion. 

The Marform units are said to have 





This metal forming unit developed by 
Glenn L. Martin Co. is being manufactured 
by Hydropress, Inc. 


several advantages over both the Gueri 
process and the use of steel draw dies. |: 
the Guerin process, where rubber is used a 
the female part of the tool, there is no pres 
sure applied before motion of the press 
takes place. Thus, wrinkles can form in th 
metal with the initial movement of the 
press before any pressure is available t 
prevent their formation. By way of con- 
trast, in a steel die a given pressure must be 
employed by the use of springs and ai! 
cylinders, and there is very little contro 
over this pressure during the forming 
operation. 

The Marform process overcomes the dis- 
advantages of the Guerin process in that 
pressure can be built up in the machine by 
the movement of the press before any form- 
ing of the metal takes place. This process 
also eliminates the difficulty of lack of s¢ 
lectivity of pressures available in a steel di¢ 


since the pressures can be varied infinite!) 
and automatically in the stroke of the m* 
chine. 


Use of rubber as the female po! 
the tool in the Marform units p! 
cushioning effect, preventing rapid Lica 
tion of strain at any point on the meta 
The rubber can also exert a lateral pressurt 
which is a direct result of the appliec ‘orm 
ing pressure; this lateral pressure tends © 
lock the metal already formed to the form 
block of the tool and thereby prevent 4 
accumulation of strain at the forn 
radius. 


MATERIALS & METHODS 
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Typical laboratory installa- 
tion. A Lindberg Volumetric 
Carbon Determinator operat- 
ing with a Lindberg “H-F” 
Combustion Unit 


The Lindberg “HF” Combustion Unit is revolutionizing carbon and sulphur determinations 


in laboratories throughout the country. Ready for instant use—ainstant temperatures 





e above 3000° F.—for steel, cast iron, alloys, or stainless samples—volumetric or gravimetric! 


A high frequency unit specially designed for the laboratory 


- Ready in the morning in 57 seconds—instantly e Shorter tubes advantageous for volumetric 
at from then on. method. 


: . 1ents imi ) Ss. 
D- 90% less power consumption (maximum input e No elements to burn out or limit temperature 


8 0.125 KW idling). e Heats nothing but the sample. 

e 

ie Glass combustion tube provides visability of e Eliminates excess heat from the laboratory. 
ly » < wn . , ° 

. peration. e@ Inexpensive “cupelet” holds full factor weight 


ombustion tubes at half the cost, last many for carbons. 


imes longer. @ Small and compact—13” wide—28)" high—17’ deep. 


For further details ask for Bulletin 910. 


4“) (OBERG LABORATORY DIVISION 


2450 WEST HUBBARD STREET - CHICAGO 12, ILLINOIS 
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aD CT NEW RECORDS 


OF PERFORMANCE AND SAVINGS 


EXAMPLE OF DOW HEAT TREATING EFFICIENCY AT WARNER GEAR DIV. 
Heat Treatment: .020’—.022” effective case, Carbonitrided 1600°F, Oil 
Quench, File Hard 
Load: 2000 Rocker Shafts bulk loaded 12” deep, 1200-Ibs net—1500-Ibs gross 
Heating Time: 55 minutes Total Furnace Time: 3 hours 15 minutes 
Net Production: 370-Ibs per hour 


With only a fraction of the operator's time 
required at the furnace for loading work con- 
tainers, charging the furnace and quenching 
the load, substantial savings in direct labor are 
realized. Consistent uniformity of hardness and 
case depth, freedom from salt film, scale and 
decarb, and reduced distortion improve quality 
and lower cleaning, straightening and inspec- 
tion costs. This is only one of many case his- 


tories demonstrating savings which have amor- 





tized Dow Furnaces in a few months! 


DOW FURNACE OFFERS 


@ Gas cyaniding for 4 to % the cost of liquid cyaniding 
@ Uniformity of light case depths throughout load 


@ Unmatched versatility — gas cyaniding, gas carburiz- 
ing, clean hardening or carbon restoration 











@ Improved quality. Forced, uniform quenching gives full 
hardness, reduced distortion. 


@ Maximum capacity with minimum investment and floor 
space 


FIRST 
WITH MECHANIZED BATCH-TYPE 
CONTROLLED ATMOSPHERE FURNACES 


Maccabees Bldg. + Detroit 2, Michigan 
TEmple 1-3553 
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New Materials 
and Equipment 





Hydraulic-Powered Bender 


A simple hydraulic-powered bending 
unit, claimed to handle all bending jobs jp 
a metal working plant, has been developed 
by O’Neil-Irwin Manufacturing Co., 23) 
Eighth Ave., Lake City, Minn. Known a 
the Di-Acro Hydra-Power Bender, jt js 





Shown here is the Model No. 6 Di-Acro 
Hydra-Power Bender. 


suitable for forming simple, compound and 
reverse bends in tubing, angle, channel, ex- 
trusions, moldings, strip stock, bus bats, 
round or square rods, and all other s 
ductile materials. 


The basic design of this equipment pr 
vides a driving spindle on which either ot 
two different set-ups—Model 6 or Mode 


8—can be easily mounted. 


Testing & Inspection 





Inspection Instrument 


A multi-purpose inspection 10s! 
called the Pocket Comparator, 
marketed by National Tool C 
Madison Ave., Cleveland 2, O! 
a precision optical measuring 
for the inspection of small part 


peing 
] {\() 


dimensions on large parts. 

The Pocket Comparator is sai 
nate the need for different 
checking linear measurements, C!! 
gles, radii, etc., as it performs all 
functions. It permits the imspector ' 
magnifying lens to compare the Pe! 
checked against a finely calibratec 


f these 
use 4 
t to be 


pattern 
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Greater ease in use accompanies 


products made lighter with Dow 
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the world’s lightest structural metal! 


















If you are looking for a way to improve your product, one 
metal, Magnesium, deserves your first consideration. 


Magnesium is the world’s lightest structural metal—a full one- 
third lighter than its closest rival. Put this extra lightness to 





Acro work improving your products. Materials handling equip- 
ment, business machines, portable tools, truck bodies, and 
and reciprocating machinery are but a few of the fields where 
= magnesium lightness has been used to great advantage. 
als, 
olid Maximum lightness isn’t all magnesium has to offer. It’s the 
= easiest of all metals to machine and is readily adapted to all 
7 standard fabricating techniques. Available in all common 
odel 2 forms, magnesium is surprisingly low in cost. 
See how leading designers in many fields have used 
magnesium to improve their products. Send for your 
free copy of “‘How Magnesium Pays.” 
THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
New York « Boston « Philadelphia * Washington « Atlanta « Cleveland « Detroit 
) Chicago « St. Lovis « Houston « San Francisco « Los Angeles « Seattle 
. ° ° Dow Chemical of Canada, Limited, Toronto, Canada 
- Simplify Product Design— 
Speed Production and Assembly 
* ... with Magnesium 
eing 
MV) . 2 . ° 
2 Leading manufacturers are using magnesium wherever they can. 
» lhey’ve found that magnesium is as versatile and workable as it is 
ont 1 : 4 ‘ : . 
: light. Magnesium extrusions streamline design and production because 
mas . ° i +e ° 
they are available in an almost unlimited variety of shapes. Magne- 
my sium sand castings provide good strength, shock resistance and ease 
for of machining. Magnesium sheet is strong without being heavy and 
an- is readily fabricated by well-known methods. 
hese 
ise 4 
=) be L 
tern ighter Products Sell— make your product Magnesium Light! 
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here’s your 
one-stop source 
for fastening service 


Slotted or Phillips head machine screws, 


wood screws, stove bolts, tapping screws, 
special headed products; nuts, rivets, chap- 
lets, wire forms, screw machine products 
. . » im steel, stainless steel, copper, brass, 


bronze, everdur, nickel, nickel silver, 


monel, aluminum... ADNMELPIIVUILO 
a 


THE BLAKE & JOHNSON COMPANY, WATERVILLE 48, CONN. 


NAME 

Please send me your new 

catalog containing full 

data on the complete line TITLE 

of Blake & Johnson fast- 

enings. SES FS Ee. LOPE me 
IIIT ssn nsscossesecss@eunesil silic<ipsesipespitiniiaatpaeeeneemaagdilnineinndl . MM-3 
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New Materials 
and Equipment 


or reticle. The lens is a triplet-design ap|a. 
natic type of great accuracy and has a map. 
nification of 7 to 1. 

The instrument can be separated in the 
middle for cleaning of the interior optical 
surfaces or for adjusting focal length 1 








Pictured above is the Pocket Comparator 
and the measuring pattern. 


meet the eye requirements of the individual 
user. Transparent plastic construction 1 
used between lens and reticle to permit ¢t 
trance of light on the reticle and the work- 
piece. The Comparator was developed and 
is manufactured by Bell & Howell 


Strain Analyzer 


An instrument, called Strainalyzer M 
H-42 and designed for the study 
tion strain and dynamic stresses, 
introduced by Electronic Tube Cor . 
E. Mermaid Lane, Chestnut Hill, Phace* 
phia 18, Pa. 

The new instrument is composed 
units: indicator, indicator power pply, 
camera and camera speed control. !t 's de- 
signed to- work with Baldwin SK-4 © 


four 


MATERIALS & METHODS 
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65 
DIE CAST 


APPLICATIONS 


ee °@ and more fo come There are at least 65 die cast applica- 


tions in current automobile models. Many 





of these are the results of pioneering by 





CARBURETOR Doehler-Jarvis Research, and many more 


OrsTRBUTOR 

SIDE VIEW MIRROR i . 
wom are in the making. 

FAN PULLEY 

STARTER MOTOR AND GRACKET . 

eomnees Our Research Department will be glad 
FUEL PUMP 

HYDRAUUC BRAKE PISTONS 


HOO ORNAMENT 
NAME PLATE 
mOTOR PARTS 


On ALTER 


to assist you in your development work, 


DaSh CONTRO! KNOBS 
SPEEDOMETER FRAME 
STEERING COLUMN BRACKET 
INSTRUMENT PANEL 
WINDSHIEID WIPER 

REAR VIEW MIRROR BRACKET 
CIGARETTE LIGHTER 

RADIO GRILLE 

MAP UGHT 

HORN RING 

CLOCK BEZEL 

ASHTRAY DOOR 

GLOVE COMPARTMENT DOOR 
HEATER 

AiR COND ESCUTCHEON PANEL 





DOME UGHT 

ASSIST CORD BRACKETS 

DOOR STRIKE PLATE AND CATCH 
REAR WINDOW FRAME 

REAR FENDER MOLDING 

TRUNK COMPARTMENT HINGES 















Ma 


) oy ‘ 
. — oT 
RADIO ANTENNA BRACKET 
ba H - : Vt a >" rs ae ey 


. ' Bagee ‘Ss. 
’ . ew 





Ra a 
> 
HOUSING AND T 


FRONT FENDER MOLDING 






REMOTE DOOR HANDLE 







DOW REGULATOR MANODLE 









NITION $W 
1OOR Par 


ORAULIC BRAKE PISTON 


PARKING BRAKE HANDLE 
STEERING WHEEL HUB 
DIRECTION INDICATOR 
TRANSMISSION FORK 
TRANSMISSION COVER 
AUTOMATIC TRANSMISSION 
TRANSMISSION SYN. RING 
\T SEAT ADJUSTING HANDLE 
FOOT REST BRACKET 






REAR DECK HANDLES AND ESCUTCHEON 
STOP UGHT AND BRACKET 

TAIL LAMP AND BRACKET 

GAS TANK CAP 


























STONE SHIELDS, 





ANTS ar 





‘OLEDO, OHIO * POTTSTOWN, PA. * BATAVIA, N. ¥. * GRAND RAPIDS, MICH. © CHICAGO, ILL. 
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The Universally Recognized Leader in 


WARONESS 7ESIING 


Instruments, Equipment and Accessories 





There is only one measure of value in hardness 
testing equipment: Dependable Accuracy. 

For 28 years, Wilson has made a full time job 
of providing equipment for research, educa- 
tional and industrial hardness testing. The 
Wilson Standardizing Laboratory has been 
largely responsible for Wilson-made equipment 
becoming the universally accepted standard. 

Choose your Wilson hardness testing instru- 
ment on the basis of your individual | 
requirements with pre-assurance of de- 
pendable accuracy. 


TUKOWN-— for micro-indentation hardness 
testing with either Knoop or 136° Diamond 
Pyramid Indenter. Made in 3 models to cover 
the full range of Micro and Macro Hardness 
testing with loads from 1 to 50,000 grams. 


“ROCKWELL” Hardness Tester 


developed and made only by Wilson. For labora- 
tory, toolroom or production line testing. Vertical 
capacities from 34” to 16”. Motorized models 


available. 
Superficial 


“ROCKWELL” 


. HARDNESS TESTER—especially suited for test- 
—~ ing thin material, nitrided or lightly carburized steel 
and areas too small for regular ““ROCKWELL?” Hard- 
ness ‘Tests. Depth of indentation .005” or less. Satis- 
factory for general testing where surfaces are smooth 
and materials homogeneous. 













TUKON TESTER 
oe ——wir ¢ 
MICROHARDNESS TESTING # 
























ACCESSORIES 


““BRALE”’ is the only diamond indenter made to Wilson’s 
precision standards. e 7'EST BLOCKS—enable you to keep your 
instrument “Laboratory” accurate. e EQUITRON—fixture pro- 
vides means for accurately positioning test samples. e ADAPTER— 
permits testing inner cylindrical surfaces with unimpaired accuracy. 
e WoRK SUPPORTS—facilitate testing of variously shaped rod 
stock, tubing or irregular shapes. 


FOR DETAILED INFORMATION 
—fill in the coupon below and mail to us. 


WI LSON MECHANICAL INSTRUMENT CO., INC. eo 


AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. 
230-E PARK AVENUE, NEW YORK 17,N. Y. . 
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Please send me further information on the subject checked: 


TUKON [] “ROCKWELL” Hardness Tester [] 
“ROCKWELL” Superficial [] Accessories []. 


NAME 








COMPANY NAME 





ADDRESS 
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New Materials 


and Equipment 


sistance strain gages, 60 to 1000 ohms. 


The equipment can be used for (1) 
strain measurements 


stantaneous 





ite 
under 


steady static and impact loading Conditions 


(2) instantaneous load, pressure 
measurements with SR-4 strain 


Vibration strain and dynamic stre 
termined by this Strainalyzer Model H-42 


devices, (3) vibration studies 
and reciprocating mechanisms, 


tion of the physical characteristics 


and torque 





Sage type 


@S are ae 


t) C@Vaila 


yt Various 


materials under impact conditions, and () 


measurement of modulus of elast 


icity as fe 


lated to acoustic propagation characteristic 


of the specimen. 


Machinability Testing 


A constant-pressure lathe, designed © 


give steel distributors and their 
simple and rapid test of machi 


being marketed by the Monarc/ 


Tool Co., Sidney, Ohio. 
The machinability testing 
based on the use of a Monarch 


cially equipped to provide fixed 


sures with a constant compon 


horizontal direction. It has been ! 


under this condition, steels of d 
chining quality cut at different 
method was developed in the « 
cooperative research project 
Battelle Memorial Institute und 
sorship of Carnegie-Illinois Ste« 

This testing method is claime¢ 
following: 

1. Provide a high order o! 
For example, it will disclose < 


cutting quality between samples « 


grade of free-cutting steel. 
2. Provide adequate reprod 
constant-tool-pressure machinabi 


customers 4 


vability, 1 


Machine 


method 5 


lathe spe 
tool pre 
nt in te 
yund that 
ferent mt 
ates. The 


urse of 8 


<_= 
nsiftivil! 
ns! 
- 
rerene * 


the sam 


-jbility 0! 


lity test 
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different varieties of spectroscopic plates 


For studies of the information carried by of sensitivity, contrast, and granularity. 


light, Kodak offers more than a hundred 


H-4) and films. Ten emulsion types offer choices 


Versatile Tools 


FOR 
spectrochemical 


analysis... 


Eighteen kinds of spectral sensitization 
provide sensitivity regions everywhere 


in the range from 240mu to 1200mxz. 


For general spectrum analysis in the range from 


240mz to 440myu, two emulsions are particularly useful: 


Kodak Spectrum Analysis No. 1 
nf Emulsion is designed for precision in 
va quantitative analysis. 


: spe It has higher contrast than the usual process 
et plates and films, low background density, low 
rr granularity. It can be processed in two and 
t 1 one-half minutes, dry and ready to read. 


Kodak Spectrum Analysis No. 2 
Emulsion is preferred for trace 
detection. 


It has lower contrast, higher speed, wider 
latitude. Its more uniform contrast over the 
240myu-440muyu range permits fewer calibra- 
tion lines in approximate quantitative work. 


hese materials and others are described in a new booklet, 


vit Sensitized Materials for the Scientific and Industrial Lab- 


ratory.”’ Write for a copy. 





‘«ASTMAN KODAK COMPANY 
lustrial Photographic Division 
Rochester 4, N.Y. 









Kodalk 


TRADE-MARK 













New Materia/s 


in BURNISHING MATERIALS 
and Equipment 








ings in comparatively close agreement with 
tool-life test values when sampling js rej; 
able. 

3. Provide machinability indices whig 
are in agreement with ratings obtained by 
| conventional laboratory tool-life tests and 
| large-scale commercial machining tests, 
| 4. Offer a relatively quick, dependable 

means of rating-the cutting qualities of free. 
| cutting steels with the use of small sample, 

providing an indication of the probable 
| performance of these materials in comme. 
| cial machining operations. 

In addition to the provision for applica. 
tion of predetermined horizontal tool pre. 
sure, the Monarch lathe differs from , 


+e - 
Nos.” 


“4% 


it’s the shape that counts! 
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When your product design requires a burn- 
ishing material which reaches into hard-to- 
clean corners . . . use Abbott Burnishing 
Diagonals, They’re shaped to do the job 
right! 

Abbott Burnishing Materials are avail- 
able in five shapes. . . Ball, Ovalball, Cone, 
Diagonal, Pin . . . scientifically designed to 
make effective contact on any size and 
shape of metal stamping or casting. Each is 
a burnishing tool made from high quality 
Abbott bearing ball steel, deep hardened 
and polished to a mirrorlike glass-hard fin- 
ish. For the better results you must have to sinsidnd vedidsind inti. ‘Tee 01 


meet today’s cost requirements . . . use ; carriage is disconnected from the fixed {et 
| mechanism and is mounted on anti-fricto 
Abbott! | 


ome 1 ee 
? 
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Shown above is the Monarch lathe ada 
for machinability measurement 


bearings, so as to move easily along the bet 
And a mechanical counter is used to recot 


Parts with odd shapes, contours and sharp crev- ; : - 
the number of spindle revolutions an¢ © 


ices might require a mixture of Abbott Burnishing 
Materials. Send for catalog showing sizes, shapes, 
uses. No obligation. 


THE ABBOTT BALL COMPANY 
1074 New Britain Ave., Hartford 10, Conn. 





measure tool travel. 

The machinability-testing lathe 1s pow 
ered by a 5-hp. motor and provides !! 
spindle speeds ranging from 24 to 1 
rpm. It has a 1614-in. swing and 30 ™ 
between centers. The spindle, bored out, * 


commodates bars up to 1)4-in. cia 





Chemical Analysis 


An instrument developed Batte™ 
Memorial Institute and manufactured ® 
Eberbach & Sons Co., Ann Arbor, Mich } “ 
is claimed to cut time for analytical ope | 
tions in metal-producing plants much “a 
75%. It is also said to make praci@ 


analyses, which have been cons ered 1 
costly for routine laboratory use [a a 

The instrument, called a Dyn: ath, ef 

ploys a novel magnetic circuit vith 
PRI] 
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U iced this new book 
on practical metal cleaning 












many interesting illus- 
trations showing numerous in- 
dustrial applications of VAPOR 
DEGREASING 


EER 





: 
GY 
Sy 
— 
= 
>} 





information- j | NONPLAMN AD: 


packed pages that show you— 


% How Vapor Degreasing saves 
time, cuts costs and boosts 
production. 


% Where Vapor Degreasing is used 
profitably and economically. 


HOW reicuortraney; IS used in 


F 
LAY A THOROUGH. ECONOMICAL METAL CLEANING 


* Which cleaning procedures and 
types of equipment are avail- 
able for Vapor Degreasing. 


* How Du Pont Technical Service 
can help you in the application 
of Vapor Degreasing. 


Ny D this coupon for your copy today! 


Tune in to Du Pont “CAVALCADE OF AMERICA,” Tuesday nights—NBC coast to coast 
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te “ ee ee ; E. I. du Pont de Nemours & Co. (Inc.) 

DU PONT : flammable SOLVENTS or Electrochemicals Department, Wilmington 98, Delaware 
ae Ae - Se ' Please send me my copy of Vapor Degreasing with Du Pont 

1 1 ‘or VAPOR DEGREASING | ' nonflammable solvents 
io [SOLD NATIONALLY THROUGH DISTRIBUTORS Name Position 
vhs ‘ a & ’ Firm 
rae | 2 : : , Street & No. 
d tO : ; i , 

(MRS as par ort | T City State 
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larburize 
desired 


Sections 


UT 
(With 


PACK HARDENING PASTE 


Apply paste only to parts 
of work that require case- 
hardening. 


Rapid penetration: 
inches in 30 minutes. 


.030 


The easiest and quickest 
way of carburizing. 


No special equipment 
needed —For the first time 
pack-hardening is possible 
even where no furnace is 
available. 


Carburit is being widely 
used in large completely 
equipped plants as well as 
in small maintenance 
shops. 


Not poisonous — not toxic. 








Test Carburit and 
convince yourself 


DENFIS 
CHEMICAL LABORATORIES, INC 


172 Pacific Street, Brooklyn 2, N. Y. 


Gentlemen: Please send complete 
information regarding Carburit Pack- 
Hardening Paste. 


Nome . 


Prrrrreerir Ctr ttt ett eet Tee errr eee eee eee eee eer eee 


| 
| 
| 
l 
| 
| 
7 Title 
l 
| 
| 
| 
| 
L 





ae ee ee a eee aD SED GD eS aa eS eo ee ee oe ee 


116 





New Materials 


and Equipment 





mercury-cathode principle for separating in- 
terfering metals. It is said to be particularly 
useful for determining aluminum in steel 
and in zinc-base alloys; zirconium in iron 





A novel magnetic circuit is the key to the 
improved performance offered by the Dyna- 
Cath. 


and steel; and uranium, alkaline earths and 
alkali metals in alloys of iron, copper, 
nickel, chromium, zinc, molybdenum and 
other metals. 


General 





Pyrometer for Irons 


Harry W. Dietert Co., 9330 Roselawn 
Ave., Detroit 4, Mich., has made available 
a pyrometer, called “Ferrotemp,” for meas- 
uring the temperature of molten white and 
gtay irons in large or small ladles. 

The 9-lb. unit has an overall length of 
64 in. The temperature scale of the meter 
has sub-graduations of 20 deg., allowing 
interpolation to 10 deg. in a range extend- 
ing up to 3000 F. Operating cold, the time 
required for a temperature reading of a 
ladle of metal need not exceed 45 sec.; 
when the unit is warm from previous use, 
this time can be cut to 25 sec. 


WY | ’ 
Fatigue Testing 
Smooth, stepless acceleration from 10 to 


100 cycles per sec. is claimed for the Model 
100-HA-T Vibration Fatigue Testing Ma- 


A simple method of 
controlling temper- 
atures in: 





© WELDING 
© FLAME-CUTTING Also 
© TEMPERING available 
© FORGING in pellet 
° CASTING ad 
* MOLDING guid 
® DRAWING form 
® STRAIGHTENING 
@ HEAT-TREATING 

IN GENERAL 
It's this simple: Select the 


Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has 
been reached. 


gives up 
to 2000 
readings 





Available in these temperatures |’) 























113 263 400 950 1500 
125 275 450 1000 1550 
138 288 500 1050 1600 
150 | 300 550 1100 | 1650 
en 313. | 600 | 1150 | 1700 
1g, | 325 | $50 | 1200 | 1750 
200 338 790 1250 1800 
213 350 750 1300 1850 
225 363 800 1350 1900 
238 375 850 1400 1950 
250 | 388 | 900 | 1450 | 2000 | 





—Tempil® “Basic Guide 


FREE to Ferrous Metallurgy" 


— 16%” by 21” plastic-laminated wall 

chart in color. Send for sample pellets 

stating temperature of interest to you. 
© FOG? 


+ GORDON 
a’? SERVICE.>: 
CLAUD S. GORDON CO. 


' Treating 
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Specialists for 36 Years in the Hot 

and Temperature Control Field 
Dept. 24 @ 3000 South Wallace St., Chi 
| Dept. 24 @ 2035 Hamilton Ave., Cleveland 1} 


Saks 


4, Obs 
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ECONOMICAL 


EASY TO 
INSTALL 


THE NEW HONEYWELL 
SELF-CONTAINED 
TEMPERATURE CONTROLLER 


IT MEASURES temperature by means of a remote bulb thermal system, and 








00 electrically operates its motor-driven control valve to maintain the desired 
ings ° . ° ° 
oe temperature in hundreds of different operations and processes. 

F) , : , P . . 
— It provides the advantages inherent in a self-contained unit... ease of 
installation and economy of operation... plus the power and positive 
) action of an electrical system. And it costs as little as $100. 

WORLD'S 

| LARGEST Check with your local Honeywell engineer for detailed information . . . or 

) ORGANIZATION ‘ ‘4 ay chia ‘ 

) FOR ADVANCED write for a copy of descriptive Bulletin 86-1. 

INSTRUMENTATION 

) AND CONTROL CHECK THESE FEATURES: 

, _— / Temperature range from 0 to 700° F. V-port valve . . . providing true propor- 
~/ External control point setting . . . tional control. 

d : > >< i" , f . . a. . + 

," graduated _ degrees I’. and C. V Positive valve positioning. 

all V Available with electric proportional or Fes F I 

4 two-position control. ~/ Oil-immersed control motor. 

DU. V Electric proportional style includes +/Selection of valve sizes . . . 14" to 6". 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
BROWN INSTRUMENTS DIVISION 
0, 4517 Wayne Ave., Philadelphia 44, Pa. 


Offices in 73 principal cities of the United States, Canada and throughout the world 


FOR METAL PROCESSING 


reating 


16, i 
4, Obie 
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Aircomatic Welding 
Cuts production time 80% 
... eliminates distortion 








CONSOLIDATED WELDING 
AND ENGINEERING COM- 
PANY, Chicago, Illinois, faced a 
serious problem in the welding of 
aluminum air separators. The meth- 
ods considered couldn’t handle the 
variety of thicknesses involved eco- 
nomically. Furthermore, they were 
slow and cumbersome, and raised 
many distortion problems. 


J. E. Szymezak, Airco Technical 


Sales Representative, was called in. He 
suggested using the Aircomatic Process 
with Airco 1/16” 43s wire for the filler. 

Major production and cost problems 
were solved immediately. For example, 
to weld two complete separator assem- 
blies, including all the baffles, required 
only 180 man hours—about one-fifth 
the time of other methods considered 
... a tremendous time and money sav- 
ing advantage. 


Further, Aircomatic, with its high 














specific rate of energy input, and great 
welding speed, confined the heating 
effects to the narrow weld-zone.. . thus, 
completely eliminating the problem of 
distortion. Consolidated officials were 
delighted with these results, and placed 
the Aircomatic in operation at once. 

Perhaps this unique welding tech- 
nique can help you solve an important 
fabrication problem — so write your 
nearby Airco Office for Technical Sales 
assistance or for a copy of Aircomatic 
Welding Bulletin ADC-661. 


GiRCO) Air REDUCTION 


Offices in Principal Cities 


TECHNICAL SALES SERVICE—ANOTHER AIRCO PLUS-VALUE FOR CUSTOMERS 
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New Materials 
and Equipment 


chine developed by All American Tool 
Manufacturing Co., 1014 W. Fullertoy 
Ave., Chicago 14, Ill. This control cap ha 





Studies aimed at controlling vibration efea; 
on materials can be carried out with thi 
fatigue tester. 


accomplished manually or automatically. 
The infinite speed range is provided by 
General Electric Thy-Mo-Trol 


drive. 


electronic 


CA 

TO 

Portable Hardness Testers adi 
R. Y. Ferner Co., 110 Pleasant St., Bos. iaaed 


ton 48, Mass., has announced a new line of soe 
portable hardness testing instruments fot 
metals, plastics and industrial finishes. I\ 
of the principal instruments offered are im- 
proved models of the Dwarf Brinell Tester 


(static method) and the Duroskop Hand SPE 
INSUI 
Tester (dynamic method). rete 


Through the use of three sizes of Brine! 
balls and by varying the pressures exerted, 
the improved Dwarf instrument is claimed 
to measure the true hardness of steel, 1f00, 


lead and copper (including alloys and «as Imp 
ings) more accurately than standard labor the 
tory equipment commonly used. il 

The Ferner equipment includes a © sai 
venient reading scale for measuring the 1m 
pression. Auxiliary equipment includes e 
cessories for bringing the standard Brust! pro 
method into the hard alloy steel range = for 
a hydraulic unit by which pre loadin 


can be attained. 


Sorter for Steel 


An instrument developed by t one : 
Dept. of Jones & Laughlin Stee -* 
separating semi-finished and finished s* 
products that have become m»D 


SU! 


being marketed by Fisher Scientt Main 
Forbes St., Pittsburgh 19, Pa. 

The Steelsorter differentiates betwee? * Ale 
types of carbon steel by responding -“ esp 
netic differences in the metals, regardless ® — 

MATERIALS & METHOD BMAP! 


Tunbeam 


STEWAR]| 


THE BEST INDUSTRIAL FURNACES MADE 


GALVANIZING WATER HEATERS 


At A. O. Smith Corporation, Kankakee, Illinois, Works 


=~ 





SUNBEAM STEWART 
INDIRECT HIGH-SIDE FIRED (Gas) GALVANIZING SETTING 






































































CAST IRON CAST IRON 
TOP PLATE TOP PLATE 
REFRACTORY 3 \ OUTSIDE 
+» Bos 4 ie WALL 
line of aoe t _ % f A 
ts a { Y, aie | [PT INSULATION Sunbeam Stewart Galvanizing Eqyipment at A. O. Smith is in opera- 
Ty Po) tion 8 hrs. per day, plus, depending upon manufacturing schedules. 
ay STIG IGNITION 500 sets (shell, 2 heads, 1 flue) d per shift 
ire im c N | JP-REFRACTORY BED serfs (sneil, eaads, ve/ are processed per sniit. 
te \ Yr 
Te . | J R Yjy J —WW, . ° 
Hand SPECIAL | ; TY VY IL eam This is Number 99 in a series of typical installa- 
INSULATING } Y BUCKSTAYS ti d t ti th id * t f ifi 
Brin REFRACTORY 7D) 4 Y VY Yj ions qemonsftraring e wide variety of speciric 
“aa e Ree e.c eee @. 0°. 90+» s 0°! 308 eo requirements in the metal-working industry 
od ei get eO eg B08 8 oI ats oom 91h 08-09 8 Pu 91 S.| CONCRETE : 
aimed sees etey Steere sce: Wvg foe teens ta Bet G: OES getay FOUNDATION Sunbeam Stewart furnaces are designed to meet. 
, 1f0n, 
d cast Improved design and correct engineering have made Sunbeam Stewart A. O. Smith is one of many satisfied users of 
abot: the leader for galvanizing equipment. Burners fire against a protective Sunbeam Stewart galvanizing furnaces. Quality 
' baffle and provide a uniform flow of hot combustion gases to the upper of work and low cost of maintenance and opera- 
he i part of the kettle. The gases travel downward to a point slightly above tion are key factors in Sunbeam Stewart's design 
des at the dross where they are exhausted. This principle of High-Side Firing that have proved their worthiness year after 
Brine Provides close temperature control and even heat distribution. Available year. Users report dross loss as low as 5% and 
ge and f as ¢ ; : : om ; .s  * 
& r gas or oil fuel. This type of design assures: kettle life up to 6 years. If galvanizing is impor- 
tant in your manufacturing process, it will pay to 
1. UNIFORM BATH TEMPERATURE Y gP ‘ ‘ P Y 
consult Sunbeam Stewart. Designs are available 
pees tcrn ae soe f ll or | duction. We will be glad t 
3. MAXIMUM PRODUCTION RATE ae Se a 
4. LOW FUEL CONSUMPTION submit ideas on how you can get more economical 
seal 5. LONG KETTLE LIFE operation. 
SUNBEAM STEWART INDUSTRIAL FURNACE DIVISION of SUNBEAM CORPORATION 
Me; (Formerly CHICAGO FLEXIBLE SHAFT CO.) 
ain OF Dept. 111, 4433 Ogden Ave., Chicago 23 — New York Office: 322 W. 48th St., New York 19 — Detroit Office: 3049 E. Grand Bivd., Detroit 
ad Canada Factory: 321 Weston Rd., So., Toronto 9 
er A lett re or ‘phone call will promptly bring you information and details on SUNBEAM STEWART furnaces, either units for which pians are now ready or units 
‘ a ®specia’ » designed to meet your needs. Or, if you prefer, a SUNBEAM STEWART engineer will be glad to call and discuss your heat treating problems with you. 
1eS5 Ve — 5 
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Your machine and product parts 
Work Better - Last Longer 


when made of 
Carboloy Cemented Carbide 


(a powdered metal) 


For Carboloy’s unusual combination of versatile and useful 
properties provides answers to most product or process wear 
problems. Each case history application has revealed an 
astounding story of increased machine part or product life 

. increases of as high as several hundreds of times... 
directly attributable to one or more of these characteristics 
of Carboloy Cemented Carbide: 


Hardness 
Compressive strength 
Abrasion resistance 
Corrosion resistance 
High red hardness 


Low coefficient of thermal 
expansion 


High modulus of elasticity 
Impact strength 

High density 

High polish retention 

Low electrical conductivity 


Non-magnetic 
(if desired) 


7 
8 
9 
10 
11 
12 


GCuUhQN = 


Some Typical Accomplishments of this Miracle Metal 








A thousand uses... uses like this. 
Automatic screw machine bushings 
of Carboloy, used on Swiss-type 
machines, reduce wear and increase 
bushing life many times—with in- 
creases in production efficiency. 


J R. et Dea See | 











A thousand lives and more were 
added to these valve stems and seats 
when they were made of Carboloy. 
Now they stand up under wear from 
abrasive fluids, have greater corro- 
sion-resistance to paints. 


Thousands of Manufacturers Have Discovered New Uses 
for this Metal of a Thousand Lives! How About You? 
Why not find out for yourself how Carboloy, in your machine 
or product parts, can save you money and still improve 
product quality? Contact our engineers; they’ll be glad to 


show you, without obligation, how Carboloy can be put to 
work for you. Carboloy Company, Inc., 11161 E. 8 Mile Street, 


Detroit 32, Michigan. 
need, not he 


WHEREVER THERE'S MOTION THERE am. eras 


nogapersee sea 


_CARBOL 


CEMENTED CARBIDE 

















__ The Versatile Metal of Indoit . 


ta ee See oe ae a 
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New Materials 
and Equipment 


whether the differences are chemical, physi. 
cal or metallurgical in nature. It is intended 


to solve the problem which arises whey 
steel of identical appearance and diamete; 
but of different chemical composition occa. 


sionally becomes mixed. 

The unit is designed to separate round 
bars, flat bars, hexagonal bars or tube 
equally well. Operation is simple: the 
sample is inserted through the opening in 
the test unit, the button on the top of the 
unit depressed, and the dial read. In sep, 
rating mill stock, it is important only that 


the operator remember that the ros 
sections of the pieces must be similar. Sma 
parts of the same size can also be sorted jf 
they are placed in the same position in the 
test unit. It is claimed that one man usin 


the Steelsorter can separate several! hundr 
small samples per hour. 

The principle of operation of the St 
sorter lies in its sensitivity to change 
permeability, hysteresis and eddy current 
losses in the steel. These magnetic prop 
erties are affected by alloy composition 
strains due to cold work on rapid quench 
grain size, specimen size, heat treatment 
and aging. Thus, these differences change 
the efficiency of the steel sample as a mag 
netic coupling medium between the primary 
and secondary coils of the test piece unit 
The varying voltage induced in the second- 
ary coil is shown on the meter, indicating 
whether or not the pieces being tested are 
similar. 





The Steelsorter distinguishes magnetical 
between steels of similar appear 
different manufacturing bist 


The Steelsorter is equipped © 
different test-pieces, since the neare! re 
diameter of the specimen is to that of ™ 


unit, the more efficient the instrumem 

. ° ° h 
These sizes have cylindrical openings W!™ 
diameters of 14, 2, 4, 6, and 9! The 


instrument is portable and operates {fo 
110 v., 50 to 60 cycles a.c. 


roDs 


MATERIALS & METI 
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COPPER ALLOY BULLETIN 


REPORTING NEWS AND TECHNICAL DEVELOPMENTS OF COPPER AND COPPER-BASE ALLOYS 
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Screw machine items illustrating knurling and roll threading operations. 
Courtesy, Seymour Brass Turnings Company. 


Free Machining Brass Rod 
Suitable For Roll Threading 


Roll threading and knurling in the 


primary screw machine operation have 
done much to reduce the cost on thou- 
sands of precision and ornamental parts. 


To keep pace with this trend, it has 
been necessary for the brass fabricator 
to carefully control temper to give free 
machining rod sufficient ductility to 
permit cold deformation of this type 
and at the same time maintain the 
highest machinability rating. 


Bridgeport’s Ledrite 6, free turning 
brass rod, was used for the parts shown 
inthe accompanying photograph. These 
parts were made by Seymour Brass 
Turnings Company, Seymour, Conn., 
and are good examples of straight, dia- 


mond and bead knurling as well as 
thread : olling. 


Stop Supports Long Piece 
The long part at the top is an auto- 


BRASS . BRONZE - 


MILLS IN 
BRIDGEPORT, CONNECTICUT 
INDIANAPOLIS, INDIANA 


In Canada: 


Noranda Copper and Brass Limited, 
Montreal 
APR] 1950 





COPPER > 


mobile mirror swivel arm. It is five 
inches long and 34” in diameter. The 
stock is fed out in a #2 Brown & Sharpe 
about 1”, box turned, straight knurled 
and drilled from the turret. It is fed out 
again to a turret stop which takes the 
knurled diameter and rests against the 
turned shoulder to give support for the 
ball forming operation and cutoff. The 
work is turned at around 350 feet per 
minute and the feed is 0.0015” per 
revolution. 


The two air-vent valves for heating 
systems are made from hex rod. Be- 
sides deep drilling and multiple form- 
ing, the threads are rolled in the screw 
machine and are 34” pipe. No difficulty 
is encountered in using the free ma- 
chining Ledrite 6 Brass rod. The cord 
bushing has a diamond knurl and the 
threads are rolled. The knurl on the 
lamp finial has a ball knurl which is 


DURONZE — 








STRIP 


Prepared Each Month by BRIDGEPORT BRASS COMPANY “B SS t” Headquarters for BRASS, BRONZE and COPPER 
co, 


produced by actual deformation under 
pressure of the knurling tool. A narrow 
ridge is turned by the forming tool on 
the large end for knurling. The mate- 
rial shows no signs of cracking or 
splitting. 


Temper Controlled 


In sizes from 3” up, the temper of 
this rod stock is kept low enough to 
permit knurling and maintain free ma- 
chining of its properties. If there is no 
knurling or roll threading involved, 
Bridgeport can supply rod in a higher 
temper. Screw machine fabricators, 
however, report little or no difference 
in the machining characteristics of the 
two rods despite the difference in 


temper. 


In rod sizes below 34”, Bridgeport rod 
is slightly harder in temper to insure 
against bending and buckling during 
machining. When using sizes below 34” 
if any difficulty is encountered in roll 
threading or knurling, it may be neces- 
sary to change to a softer temper or 
switch to another alloy which is more 
ductile such as Ledrite 2, which con- 
tains slightly less lead with the copper 
increased correspondingly. This alloy 
is also useful where exceptionally accu- 
rate knuris and rolled threads are de- 
manded as in the precision instrument 
field. But for the majority of cases the 
standard free cutting brass rod is very 
satisfactory. 


When selecting alloys, especially 
where intricate forming, roll threading 
or knurling is involved, Bridgeport’s 
Laboratory should be consulted. Also 
make use of its valuable experience to 
help you solve other metal problems 
such as improving products or reducing 


costs. 


ROD - WIRE - TUBING 


BRIDGEPORT BRASS COMPANY 
BRIDGEPORT 2, CONNECTICUT 


Established 1865 
y dgep rt” District Offices and Ware- 
houses in Principal Cities 
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] CHEMICAL FEED TANK: Part of control unit in commercial 
@ cleansing machine handles sodium hypochlorite, acetic acid, hydro- 
fluoric acid, with fumes so corrosive they attack stainless steel. What 


economical, corrosion-resistant molding material is widely used for problems 
like this? 


WJ SODA WATER TUMBLER, small part for soft drink dispenser. 
® Must be odorless, tasteless, unaffected by syrups, with low moisture 

absorption. Should provide tight fluid seal, with excellent dimen- 
sional stability. Tough production problem, too, in angle holes. How would 
you tackle this? 


Answers: No. 1—Molded Ace Hard Rubber keeps corrosive solutions in 
their place, may solve your corrosion problems too. No. 2—Again Ace Hard 
Rubber was ideal. Small holes were drilled after molding this part. 


Sometimes it’s hard rubber—and sometimes it’s one of the other plastics 
that’s best. Ace, with many hard rubber and plastics compounds to choose 
from, is fully equipped to supply whatever you need. 
If you want this kind of impartial advice from your 
molder, select American Hard Rubber Company. 


Ask for ACE Handbook 
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contrast to substitutional solutes, j: 
was shown that the element with the 
lowest solubility has the  greates, 
strengthening effect. 

The data now available on titanium 
and titanium-base alloys are sufficien: 
to indicate that their engineering 
properties are adequate to _ insure 
them a position of importance among 
construction materials. In addition 
to having good engineering proper. 
ties, however, a structural material 
must be relatively inexpensive if jt 
is to have widespread use. For this 
reason, “A Continuous Method of 
Producing Ductile Titanium,” « 
ported by P. J. Maddex and L. W. 
Eastwood, of Battelle Memorial |, 
stitute, is of considerable interest. 

The method, not yet fully devel- 
oped, involves the continuous produc- 
tion of titanium or titanium alloy in- 
gots, employing magnesium and t- 
tanium tetrachloride as the raw mate- 
rials. It is actually a two-step process 
ultimately to be carried out in a 
single integrated unit. Thus, the prod- 
ucts from the reaction chamber will 
be permitted to run continuous 
from the bottom directly into an atc 
furnace. In the arc furnace, the « 
tanium will be melted and the mag- 
nesium chloride and unreacted mag- 
nesium volatilized, condensed and 
removed from the furnace chamber 
while a continuously formed titanium 
ingot is withdrawn from the bottom 
of the furnace. The authors anticipate 
that titanium produced by this meth- 
od may be of somewhat greater pur: 
ity than that produced by present 
batch methods. 

In connection with the production 
of titanium, AIME members 0 
heard a report on “Recent Practice 
at the Boulder City, Nev., Titanium 
Plant” by F. S. Wartman, H. ¢ 
Fuller and Don H. Baker, Jr. The 
Bureau of Mines investigators de- 
scribed equipment and_ techniqués 
used for the production of crude tits 
nium in 200-lb. batches by recuction 
of purified titanic chloride with mag: 
nesium. 


Zirconium Development 
Although zirconium has not P 
tured the imagination of the materials 
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ge 49 There’s more than just one type of 
stainless steel . . . because stainless 

8, it applies to a family of steels. And in 
n the . 
om order to get the best possible results 
| from stainless in your application, 
wien the right analysis must be used. 
ering — , , ; 
lions That’s why Crucible, a pioneer in 
hong the development of this specialty, 
fe offers you the services of an alert 
rial staff of metallurgists to help you with 
as your stainless application problem. 

s) 
d of . ; > ; 

7 Crucible’s half century of specialty 
.W. steel leadership is built on a strong 
I I foundation of service to Industry coe 
mm with attention to detail . . . whether 
iduc- the order is in tons or pounds. Irom 
, the ground up, Crucible designed and 
nate- put into operation one of the first 
-_ integrated mills built specifically to 
ce rl hot and cold roll stainless steel. This 
wi $18,000,000 addition gives Crucible 
- facilities to provide industry with 
e stainless in every form. 
mag- 
ne There is no substitute for Cru- 
o cible’s background of 50 years of spe- 
ium 4 cialty experience. Let Crucible show 
- you how to apply stainless steels to 
neth- your products. One call from you 
aa puts us to work on your application. 
ese 
7m st - | t | . f i| ff . CRUCIBLE STEEL COMPANY OF 
also aln eSs S ee IS a aml y a all AMERICA, Chrysler Building, New 
"ld York 17, N. Y. 
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ape 
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by industry 
for rapid, low-cost installation 


SOUWLEGO 
DRIVE WIN EUS 


SH “tit the pin” Designed with low-cost mass- 
production methods in mind, 
SOUTHCO Drive Rivets are in- 
stalled in the least possible time. 
One man working from one side 
of the job makes quick applica- 
tion—there’s no bucking, no 
trimming, no finishing — that’s 
an ideal blind installation. 












Metal-to-wood application 


SOUTHCO Drive Rivets are “Ht the pin” Ei 
installed with a hammer—no 
special tools necessary! You do 
away with costly guns and 
cumbersome equipment. 
Production costs drop as man- 
hours are saved. 







\ athe. * 


Metal-to-metal application 


The SOUTHCO rivet consists of a slotted tubular rivet with inserted grooved pin. 
Expanding prongs exert real “‘pull-up’’, drawing panels together for a tight, rigid 
joint. Available from stock in modified brazier and 100° countersunk head styles. 


Write today for free Illustrated handbook of SOUTHCO Fastening Specialties. 





SOUTH CHESTER CORPORATION WN \N \ 





1404 Finance Building 


KK GC 
1418 South Penn Square SKOLES Ne KO 











engineer to the same extent as tita- 
nium, its development has lagged only 
slightly behind that of titanium, Re. 
cent progress in developing econom. 
cal production methods for zirconium 
was described in a Bureau of Mines 
paper, “Production of Malleable 7;;. 
conium on a Pilot Plant Scale,” pre. 
pared by W. J. Kroll, W. W. Stephens 
and H. P. Holmes. The authors de. 
scribed a plant in which zirconium 
can be produced in 150 Ib. per batch 
at a reasonably low cost. They believe 
that the size of the present equipment 
can be increased considerably before 
difficulties with heat dissipation wil] 
appear. This belief is given credence 
by the existence of titanium reactors 
of 200 Ib.; actually, the heat evolved 
in reducing zirconium chloride js 
much lower than that for titanium 
chloride. 

The methods of producing zirco- 
nium are practically identical with 
those for titanium. In the present 
pilot plant, zirconium ingots can be 
produced at $6.82 per Ib. Compared 
to titanium, the higher cost of the 
zirconium in the ore should be more 
than compensated by the higher con- 
sumption of reducing agent for the 
titanium. Thus, the authors expect 
that the future price of zirconium 
will probably be the same as that of 
titanium. 


New Steelmaking Process 


Working details of a new, fas 
steelmaking process were presented 
by C. E. Sims, of Battelle Memorial 
Institute, and F. L. Toy, of Carnegie- 
Illinois Steel Corp., in “Experimental 


Operation of a Basic-Lined Surface: § 


Blown Hearth for Steel Production. 
Sponsored by Carnegie-Illinois, the 
new method has been named the 
“Turbo-Hearth” process. 

Significance of this development 
rests on the following conclusions 
reached by the authors: 

1. Steel can be made by surface 
blowing on a basic-lined hearth. Oxy- 
gen can be added to the standard aif 
blast if desired. 

2. Mechanical properties of “’Turbo- 
Hearth” steel are equal to those 0! 
open hearth steels of the same grade. 

3. Standard basic pig iron is entire 
ly suitable as a raw material. f 

4. Average time of heat is 14 mi) 
Thus, a hearth of 30-ton capacity » 
capable of making much more reel in 
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are or gas welding operator finds welding with a HeELtare 
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the bead flush with the surface. 
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One of the three 1000 
KW. Ajax-Scomet Elec- 
tric Induction Furnaces, 
for melting brass, re- 
cently installed at Wa- 
terbury, Connecticut 
for the Scoville Manu- 
facturing Company. 


For faster melting, lower melting 
losses, close temperature control, 
and complete dependability in qual- 
ity results, Scovill Manufacturing 
Company chose the 1000 KW. Ajax- 
Scomet Electric Induction Furnace 
for its new plant. It is the largest 
and most powerful electric melting 
furnace ever made for brass. 


Holding capacity is 20,000 
pounds, with an hourly melting rate 








of 542 to 6 tons. Under controlled 
conditions, molten metal is supplied 
to continuous casting machines for 
the production of brass strip of un- 
precedented size. 


Ajax engineers bring you over 
thirty years’ experience in the in- 
duction melting field. Ajax-Scomet 
Electric Induction Furnaces offer 
distinct advantages in cost reduc- 
tion and manufacturing efficiency. 


AJAX ENGINEERING CORPORATION 
Trenton 7, New Jersey 


INDUCTION. MELTING FURNACE 
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Associate Companies : 


AJAX METAL COMPANY, Non Ferrous ingot Metals and Alloys for Foundry Use 
AJAX ELECTROTHERMIC corp. _- Northrup High Frequency Induction Furnaces 
AJAX ELECTRIC CO., INC., The Ajax-Hultgren Electric Sait Bath Furnace 
AJAX ELECTRIC FURNACE CORP., Ajax. Wyatt Induction Furnaces for Meinung 
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a day than a 225-ton standard opey 
hearth furnace. 

5. “Turbo-Hearth” steel contains , 
minimum of such undesirable ele. 
ments as sulfur, phosphorus and jj. 
trogen. 

The process is actually a haji, 
Bessemer process as opposed to the 
acid Bessemer process which first rey. 
olutionized the steel industry in this 
country. No external fuel is needed 
as the heat is provided through oxi- 
dation of the impurities in the liquid 
The experimental Turbo-Hearth 
chamber is similar to the Bessemer 
converter in that it is suspended on 
trunnions; its spout can be raised 
during the heating period and lov 
ered for charging and pouring. 


Magnesium-Rare Earth Alloys 

In the past it has been found that 
the strength and creep resistance o! 
magnesium at elevated temperatures 
are greatly enhanced by the addition 
of cerium in the form of Mischmetal, 
which contains all the rare earth cle- 
ments in essentially the same propor- 
tions as they occur in the principal 
ore of these metals. In an effort to 
determine which of the elements pres- 
ent in Mischmetal contributes the 
greatest effect in developing hig 
temperature strength, Thomas | 
Leontis, of Dow Chemical Co., 
vestigated “The Properties of Sant 
Cast Magnesium-Rare Earth Alloys, 
selecting the following alloy systems 

1. Magnesium-didymium 

2. Magnesium-cerium-free 

Mischmetal 
3. Magnesium-praseodymium- 
lanthanum 

4. Magnesium-Mischmetal 

5. Magnesium-cerium 

6. Magnesium-lanthanum ; 

The author found that, although #! 
all the rare earth metals investigate¢ 
enhance the strength, hardness 0 
creep resistance of magnesium “ 
room and elevated temperatul, 
there are marked differences among 
the metals in the degree to whit! 
they improve these properties 1 hus 
the alloys are listed above in order ® 
decreasing tensile properties at £00” 
and elevated temperatures and cieeP 
resistance at 400 and 500 F, The rela 
tive effects on creep resistance at 6" 
F depend upon the composition lev 
and, to a certain extent, upon gral! 
size. 


MATERIALS & METHOD: 
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Belt conveyor brazing furnace 
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94/20 SAVED 


every 8 working hours with Westinghouse Brazing 


Four cents per unit! $1,120 every eight hours. 
That’s what one manufacturer saved when he 
switched from machining to Westinghouse braz- 
ing. With production of 3,500 units per hour, 
each furnace produced these startling savings. 

Why spend dollars? Braze it for pennies with 
Westinghouse equipment. The Westinghouse 
brazing furnace is only one of a wide variety 
of furnaces—both gas-fired and electric—pro- 


duced by Westinghouse. 


°HeCTiNE. A HEAT AND METALLURGICAL SER- 


; ENGIN 


VICE THAT ‘OFFERS WITHOUT OBLIGATION: 


eiatan, -ERS—Thermal, design and metallurgical engineers to help 
mena ‘y your heat-treating problems with a view toward recom- 
oa ing specific heat-treating furnaces and atmospheres. 

ae CH—A well-equipped metallurgical laboratory in which to 
Pies tes amples to demonstrate the finish, hardness, and metallur- 
aa results that can be expected on a production basis. 

came TION—A modern plant devoted entirely to industrial 
E ic 

bay ERIENCE—Manufacturers of a wide variety of furnaces— 

Bas and electric—and protective atmosphere generators. 
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For either gas-fired or electric operation, 
Westinghouse can make thorough, impartial 
recommendations for the type of equipment 
needed to handle your heat-treating problem 
most economically. Get all the facts today. 
Call your nearest Westinghouse office or write 


Westinghouse Electric Corporation, 186 Mercer 


Street, Meadville, Pennsylvania. J-10347 
























“TANGENTIAL FIRING” 
The DELAWARE CON- 
TROLLED ATMOSPHERE 
FURNACE features a 


unique tangential firing Range 1200° - 2800° F 
principle. This method of 
heating assures: 


1. Maximum uniformity of tem- 
perature in all parts of the 
muffle. 


2. Accurate temperature control. Descriptive 


. , , Literature on Request 
Fast time in reaching operat- we - 


ing temperatures. . . . 


DELAWARE TOOL STEEL CORP. 
WILMINGTON, DEL. 














7 points for 
better melting 


OF FERROUS, NON-FERROUS OR PRECIOUS METALS 


WITH AJAX-NORTHRUP FURNACES 


® Push-button control. The new Ajax-Northrup converter 
is self-tuning, does not require any adjustments while 
melting 




















® Negligible maintenance, limited to annual inspection of 
two electrodes 

® Efficient, low-cost melting, with trouble-free performance 

@ Extended crucible life 

@ Reproduces the same analysis melt after melt—even with 
tough-to-handle alloys 

@ Easy, quick changeover from one alloy to another makes 
it the ideal tool for small foundries, precision casting, and 
research 

® High Speed—20 Kw. converter melts 30 Ibs. of brass in 20 
minutes, or 17 Ibs. of steel in 29 minutes. Built also in 3, 6 
and 40 kw. sizes. Generator operated units to 8 tons 


AJAX ELECTROTHERMIC CORPORATION 
i AJAX PARK, TRENTON 5, N. J. 


Associate Companies 
THE AJAX METAL COMPANY + AJAX ELECTRIC FURNACE CORPORATION 
AIAK CLECTRIC COMPANY, WNC. . AJAX ENGINEERING CORPORATION 
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The results show that considerably 
higher elevated temperature proper. 
ties can be developed in magnesium. 
didymium and magnesium-ceriym. 
free Mischmetal alloys than those ex. 
hibited by magnesium-Mischmetal al. 
loys. Although these advantages may 
not hold over the entire temperature 
range, the author believes these alloys 
warrant serious consideration for 
commercial applications. Further de. 
velopment of these alloys will depend 
upon availability of the rare earths 
and a possible reduction in their cost. 


Powdered Magnesium Extrusion 


Techniques for the “Extrusion of 
Powdered Magnesium Alloys” were 
described by R. S. Busk and T. E 
Leontis of Dow Chemical Co. They 
stressed the importance of the use of 
atomized powder, a new mechanism 
termed “interference hardening,” : 
method for combatting stress-corro- 
sion, and a method for increasing the 
hot-short speed of extrusions. 

They found that although the alloy 
ZK60+-0.5% calcium has excellent 
mechanical properties, it can be ex- 
truded at only 1 ft. per min. Its range 
of properties is 3 to 13% elongation 
35,000 to 53,000 psi. tensile yield 
strength, 34,000 to 50,000 psi. com- 
pressive yield strength, and 45,000 « 
56,000 psi. tensile strength. Addition 
of 50% M1 to this alloy raises the 
permissible extrusion rate to ) ft 
per min., but the properties are sig: 
nificantly lower. Thus, 9 to 17% 
elongation, 26,000 to 44,000 psi. ten- 
sile yield strength, 26,000 to 41,000 
psi. compressive yield strength, and 
40,000 to 49,000 psi. tensile strength 
are obtained. However, ZK60-+-0.0” 
calcium contains zirconium which 
can be made to undergo an interter- 
ence-hardening reaction by addition 
of aluminum. With the addition 0 
12% magnesium-aluminum eutectic 
to the second alloy, the permissible 
extrusion speed remains at the > ! 
per min. level and a better combine 
tion of properties is obtained. Elon: 
gation ranges from 3 to 12%, ensile 
yield strength from 44,000 to 47,000 
psi., compressive yield strength tom 
42,000 to 48,000 psi., and rensile 
strength from 51,000 to 53,000 PS 
In addition, this alloy can be expect 
to be no more sensitive to stress Cf 
rosion than M1. 


MATERIALS & METHODS 
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The large size of the Superex blocks 
saves construction costs 





Superex blocks are furnished in vari- 
ous standard sizes and thicknesses 


tt * “Insulate with Superex and you 


Ig: make substantial fuel savings and 
fod obtain higher operating tempera- 
00 tures,” that’s what cost-conscious 
and We Operators find. 

gth Superex provides these savings 
ih year after year. Made of calcined 
hor. diatomaceous silica and asbestos, it 
son presents a formidable heat barrier. 
1 of It maintains its high insulating effi- 
sctiC ciency indefinitely on temperatures 
~ (0 1900° F.. .. does not disintegrate 
om -. retains its high physical strength 
lon ‘resists the stresses of open hearth 
silt and « r mill operations. 


ops APR] 1950 


Higher operating temperatures 
with Superex result from its ability 
to reduce air infiltration. This ad- 
vantage is traced to its unique struc- 
ture and low permeability. 

Superex is light in weight, easily 
cut and applied . . . comes in con- 
venient standard sizes or may be 
ordered in irregular shapes. 

To help you gain the greatest sav- 
ings from Superex, Johns-Manville 
has prepared an engineering re- 
port,“Open Hearth Regenerators— 
a comparison of various insulation 


specifications.” This report indi- 


cates the economic thickness o1 
Superex to use as related to the 
costs of various types of fuels. To 
obtain this booklet, write “vw 
Johns-Manville, Box 290, JM 
New York 16, N. Y. Pre overs 
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ie Box 290, New York 16, N. Y. 
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Trade-Mark 





Lite 


Cold-Drawn SHAPES and SHELLS 
made to your specifications by Lendl 


Leaders 

of the Field 
— for Over 

35 Years 








Prest-Q-Lire cold-drawn shapes and shells can be quickly and economi- 
cally produced to your most rigid specifications—from 1% to 23 inches 
in diameter and up to 50 inches in depth. Our greatly expanded, well- 
equipped plant has every modern manufacturing facility and is manned 
by a thoroughly experienced, highly specialized staff—prime requisites 
of a quality product. 

LINDE engineers will gladly help you solve your production and design 
problems involving cold-drawn shells, cups, containers, receivers, pressure 
vessels, formed parts, or other shapes. 


The term “Prest-O-Lite”’ is a trade-mark of The Linde Air Products Company. 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 
30 E. 42nd St., New York 17, N. Y. M8 Offices in Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, Limited, Toronto 


ec ae a 





The Linde Air Products Company S-4 


30 East 42nd Street 
New York 17, N. Y. 


Please send literature and full information about cold-drawn shapes 
and shells. 
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Prestraining Temperatures 

According to T. E. Tietz, R, 4 
Anderson and J. E. Dorn, of the Upi. 
versity of California, recent investi. 
gations have conclusively shown that 
the strain-hardened state of metals de. 
pends upon the temperature apd 
strain rate of prestraining as well as 
on the total plastic strain. The well 
known effect of the strain-hardened 
states of metals on their recovery rates 
suggested that a more complete iden. 
tification of the effect of strain rate 
and temperature histories on the 
strain hardening of metals might be 
obtained from recovery tests. 

The results of such tests are te. 
ported in a paper entitled “Effect of 
Prestraining Temperatures on the Re. 
covery of Cold Worked Aluminum.” 
The authors selected pure aluminum 
for these studies in order to minimize 
the effect of such factors as strain 
aging on the interpretation of the 
data. Conclusions reached by Tietz 
and his co-workers are as follows: 

1. The mechanical properties of 
cold-worked metals depend not only 
on the instantaneous values of the 
strain, strain rate and temperature but 
on the entire past history of temper- 
ture and strain rate during prestrai 
ing. 

2. Neither the instantaneous value 
of the total strain nor the instantane 
ous value of the flow stress under 
stated conditions of strain rate and 
temperature are adequate for charac: 
terizing the strain-hardened state. 

3. Specimens of a metal can be 8 
prestrained at various temperaturts 


that the same flow stress is obtained J 


when they are subsequently tested a! 


the same instantaneous temperaturt 
and strain rate. ‘Those prestrained «| 
the higher temperatures require great: 
er amounts of prestrain. 

4. Although such specimens have 
the same instantaneous flow stféss, 
those prestrained at the higher tet 
peratures have greater instantaneo 
rates of strain hardening. | 

5. The recovery rate of pure al 
minum depends upon the tempét 
ture of prestrain; specimens Pp" 
strained at the lower temperatul 
exhibit much higher rates of ! 

6. ‘These observations appeaf : 
suggest that lower temperatures © 
prestraining induce the formacion 
smaller or otherwise more readily * 
tivated dislocations. 


over 
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era: —the Red Elastic Collar permanently protects bolted 

fastenings against vibration! corrosion! ... reduces down 
. time ... increases operating efficiency ! 
nder Modern high-speed, high-performance holds tight against any amount of vi- 
and farm machinery must be built to with- bration— maintains a perfect adjust- i Uniitaaia titi tiie, 
ad stand heavy operating vibration and ex- ment anywhere on a bolt or stud. Fur- - s wainaiate aaianinaial 4 se 
| posure to weather. Why? Because: a) ther, the nuts do not rust in place 

. vibration loosens critical mechanical because the collar seals the threads LOCKING SECURITY 

* adjustments; and b) rust “freezes” against liquid seepage. Elastic Stop Threadless and permanently elastic, 
nares nuts on the bolt, so they must be cut or Nuts can be readily removed or ad- it provides these 4 outstanding fea- 
inet Hi burned off when repairs are necessary. justed ... they do not damage threads tures: 
dat The result in both cases—delay! De- ... they are REUSEABLE. 1. Prosistieuiiaitines with Weseeitne due 
ature lay that penalizes the farmer in terms HERE'S A CHALLENGE: Send us com- to VIBRATION 
ad at oi time, money, crop losses... and ulti- plete details of your toughest bolted ' 
reat: mately penalizes the dealer in terms of trouble spot. We'll supply test nuts— 2. Keeps locking threads CORRO- 
, service and good-will. FREE, in experimental quantities. Or, SION FREE 
hat ; How does John Deere design protect if you want further information, write 3. Provides for accurate BOLT 
he the crit al feeder, baling and Elastic Stop Nut Corporation LOADING 
tf ‘wister operating mechanisms of America, Union, New Jer- 4. Seals against LIQUID LEAKAGE 
tem on the newest John Deere Auto- sey. Representatives and along the bolt threads 
1e0us matic Baler? With Elastic Stop Agents are located in many 

Nuts. The Red Elastic Collar principal cities. 
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SPRAY ALODIZING ALUMINUM SHADE 
SCREENING. Kaiser Aluminum and Chem- 
ical Corporation 


SPRAY ALODIZING ALUMINUM 
BUILDING SIDING. Reynolds Metals 
Company. 


DIP ALODIZING 


EFFECTIVE, Alodized aluminum 
anchors the paint finish with a tough, 
durable bond; and greatly increases 
the metal’s natural resistance to cor- 
rosion. “Alodine” qualifies under Spec- 
ification AN-C-170 (Chemical Films for 
Aluminum and Aluminum Alloys). 


ECONOMICAL, Alodizing is 
low in chemical and equipment cost. 
Short processing cycle and low tem- 
perature minimize tank size and heat 
requirements. 


ELECTROLESS, Alodizing with 
“Alodine” is a chemical conversion 
process and requires no plating equip- 
ment or current. 


EASY TO USE. Operating pro- 
cedure is simple and the coating 
process is practically foolproof. Ap- 
plication is extremely flexible — with 
dip, spray, brush and flow coat pro- 
cesses to choose from. 


Reynolds Metals Company and 
Kaiser Aluminum and Chemical 
Corporation are now producing Alo- 
dized aluminum coil and sheets, and 
such typical products as Alodized 
aluminum siding and shade screening. 


SPECIFY ‘“Alodine” AND 
Alodized aluminum FOR 


PRODUCT AND FINISH 
DURABILITY. 


Write us for process defails. 
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Cold-Worked Aluminum Recovery 


A closely allied paper, entitled 
“Some Observations on the Recovery 
of Cold Worked Aluminum,” was 
presented by T. V. Cherian, P. Pie. 
trokowsky and J. E. Dorn, of the Uni. 
versity of California. One of the diff. 
culties encountered in connection 
with recovery is the wide differences 
in the recovery rates of various prop. 
erties. Major interest has generally 
been directed toward the recovery of 
the mechanical properties such 4 
hardness, yield strength and tensile | 
strength. Current recognition of the 
fundamental importance of the true 
stress-true strain curve, however, led 
the authors to investigate the effect 
of recovery treatment on the true 
stress-true strain curves in tension 

Commercially pure aluminum 
the form of 0.10-in. thick rolled sheet 
of 2S-O alloy was selected by the in- 
vestigators. Their results can be sum- 
marized as follows: 

. After recovery at low tempera- 
tures (90 and 212 F), cold-worked 
aluminum exhibits a low initial flow 
stress upon restraining. But after an 
additional strain of about 0.04, the 
flow stress is restored to essentially 
that value which would have been 
obtained if the specimen had not bee! 
recovered. This is called metarecover) 

2. At higher temperatures (500 
and 400 F) not only is metarecovery 
observed, but a permanent decrease in 
the flow stress is obtained such that 
the stress-strain curve for the recov- 
ered metal is below that for the virgin 
metal at the same total strain for all 
strains. This is called orthorecovery. 

3. The kinetics of metarecovety 
and orthorecovery appear to be dis 
tinctly different. This suggests that 
during work-hardening at least two 
kinds of imperfections are intro luced, 
one which is rapidly recoverable, an¢ 
a second which is more slowly recov: 
erable. This assumption rationalizés 
the observed differences in recovery 
rates of different properties. 


Brass Annealing Cracks 


Brass mills are familiar with 2 
curring problem manifested during 
deformation of annealed meta! as 4! 
opening up of cracks which are Sug 
gestive of a grain boundary pattel 
In “Intergranular Parting ot Brass 
During Anneals” F. H. Wilson and 


MATERIALS & METHODS 
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NIALK TRICHLORethylene 


Are you looking for a thoroughly dependable source of supply 


for trichlorethylene? 


Niagara’s new plant for the production of NIALK TRICHLORethylene 
is completely modern and makes use of special control equipment 


to satisfy the most exacting requirements for quality and stability. 


It is designed to permit increased production facilities — 
to meet expanding demands. 
This coupon brings you a pamphlet which answers all your 
questions about NIALK TRICHLORethylene. 
Fill in and mail today. 


seee Soca eos eeseeeaees eoeseeaeneoesceecee 89 
Niagara Alkali Company, Dept. F, 
60 East 42nd Street, New York 17, N. Y. 


Gentlemen: Please send me a copy of your pamphlet on 


NIALK TRICHLORethvlene. 





60 East 42nd Street, New York 17, New York © Name 
Liquid Chlorine - Caustic Potash a Position 
C » of Potas F 

arbonate of Potash Firm 
Paradichlorobenzene ’ 
Street 


Caustic Soda 
Niagathal (Tetrachloro Phthalic Anhydride) * City_ State 
NIALK TRICHLORethylene 
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THE ELECTRIC FURNACE CO. 





TREATMENT 





of metal powder products 


@® This combination gas-fired radiant tube and 
electrically heated continuous roller hearth furnace sinters molded 
metal powder products at 2050° F. It is 60 feet long and is equipped 
with an EF special atmosphere generator, dehydrator, and CO, 
removal unit. 

Our wide experience, and complete line of production furnaces 
enables us to meet any requirement for ferrous and non-ferrous 
metal powder processing, fusing metal powders on strip and all 
other heating and heat treating operations. 

More details on request. 








GAS FIRED, OIL FIRED AND ELECTRIC FURNACES Y Ch 
FOR ANY PROCESS, PRODUCT OR PRODUCTION _ 





HOW THE WROUGHT BRASS 
INDUSTRY CONSERVES METAL 


> 


No industry melting commensurate tonnage* of 
vital metal can quite match the brass mills for conser- 
vation and low melting losses. The savings of metal 
total millions of pounds; clearly the method they use 
is worth noting: 


Virtually all the brass mills in North America use 
the Ajax-Wyatt induction melting furnace, for it has 
the lowest metal losses in the field — less than 1% — 
with superior temperature control and unapproached 
economy of operation on high production schedules 
such as we have today. 


The accepted melting tool in brass rolling mills 
throughout the world. 





* Upwards of 5 billion pounds annually. 


AJAX ELECTRIC FURNACE CORP. 


1108 Frankford Avenue ° Philadelphia 25, Pa. 


AJAX inpuction MELTING FURNACE 


WYATT 





ASSOCIATE AJAX METAL COMPANY, Noe-Ferrous ingot Metols ond Alleys for Foundry Use 
AJAL ELECTROTHERMIC CORPORATION, Ajar-Morthrup High Frequeacy induction Furneces 
COMPANIES: Ajax ELECTRIC COMPANY, INC., The Ajox-Huligren Electric Solt Both Forsece 
AJAT ENGINEERING CORPORATION, Ajax Tame Wyot! Alverweum Melting laductios Furnaces 
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E. W. Palmer, of the American Bras 
Co., attribute the problem to stresse« 
set up in the annealing process 

They found that the structural ap. 
pearance of this defect can be dupli. 
cated by holding tensile specimens a: 
a constant stress at elevated tempera. 
tures. The most probable time during 
commercial fabrication that such , 
condition exists is during the heating. 
up period of an anneal and the av. 
thors’ tests appear to support this 
explanation. Their tests also showed 
the importance of grain size, since 
both the tendency toward intergranu- 
lar parting and the tendency toward 
slow relief of stress are increased with 
increasing grain size. 


The authors suggest that the ten 
dency toward intergranular parting 
can be minimized by: 

1. Minimizing internal stress lef 


by cold working. 
. Keeping grain size down 
. Providing for uniform heating 

4. Heating slowly enough to per- 
mit some stress relief before cracking 
temperatures are reached. 

5. Placing the work in the furnace 
in such fashion that surfaces known 
to be internally stressed in tensio 
reach temperature first. 


We bo 


Phosphorus and Molybdenum 


In previous work, M. Baeyertz, 
F. Craig, Jr. and J. B. Sheehan, of 
Armour Research Foundation of th 
Illinois Institute of Technology, hac 
observed a progressive decrease 10 
toughness when the phosphorus con- 
tent of 5140 steel was raised from 
0.020 to 0.036% (z..e., from a mod- 
erate phosphorus level to one higher 
but still within the AISI-SAE specit- 
cation for this grade). Toughness 0! 
the tempered martensitic structure 0! 
the steel was evaluated by the transi 
tion temperature determined by V- 
notch Charpy tests. The investigators 
found that replacement of a part 0! 
the chromium in 5140 by molybde- 
num provided a factor of safetj 
against loss of toughness caused D} 
phosphorus, especially where the ste¢! 
was cooled slowly after tempering 

In “The Effects of Molybdenum an¢ 
Commercial Ranges of Phosphorvs 
upon the Toughness of Manganest 
Steels Containing 0.40% Carbon, 
these same researchers investigate 
the possibility of obtaining similar 


MATERIALS & METHODS 
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The first Spencer Turbo was in- & 

stalled in 1917. Many of the early Bm . Ge aaela 
machines are still in service. A few Bm 

of the equipment manufacturers jams 

that have used Spencers consis- 

tently (see dates) for many years 

are represented on this page. 
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SALEM ENGINEERING CO. 





per- 
king 


nace 
1OWn 


1S101 


e in 

con- 

mn | W. S. ROCKWELL COMPANY 

noa- 

gher 

ecifi- Standard sizes from 35 to 20,000 cu. ft.; 4 to 800 H-P.; 
sc of 8 oz. to 10 Ibs. Single or multi-stage, two or four bearing. 
re of Special gas-tight and non-corrosive consruction available. 


ins! ° ° ° 
Special Spencer Bulletins are available as follows: Data, 


No. 107, Gas Boosters, No. 109, Four Bearing, No. 110, 
Blast Gates, No. 122, Foundries, No. 112 and the General 
Bulletin is No. 126, 


i: SPENCER TURBINE COMPANY * HARTFORD 6, CONNECTICUT 
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PQ SILICATES J y 9 f +\eb 
ree ¥ \ 
FOR FABRICATING i. . . \ ~\) I, \ 
. Maw : \N 
METAL CLEANERS \ wt) 
your Ngr’'5,s 
Metso Granular SW Qs 
cleaner 


ch { Ca 
Na..Si0...5H.0) Sodiun 


meeting schedules ? 


Does it keep up with time requirements 
of your cleaning and plating cycles? 
PQ Silicate Cleaners meet the time test 
easily. Parts are in and out of the bath 
in one minute flat, and even less, with the 
6-C . . 

surface chemically clean for plating 
Na..0.2Si0.,) Powdered Sodium or other finishing. 


t "] > lkalin 
ae deseo a The rates of removal of soils with 
Silicate Cleaners are fast, e.g., removal 
G Silicate of paraffin soil from Dow metal with 
Na20.3.22Si02) Hydrated Metso Granular or Metso 99 required only 
powdered sodium silicate 0.5 minute; red oxide buffing compound, 
sometimes referred to as 3 minutes and 1.5 minutes respectively. 


trisilicate), rapidly . ons , 
soluble ; Specify PQ Silicate content in your 
cleaners for fast, thorough grease removal. 


Metso 99 
Na..HSi0,.5H..0) Sodium Sesqui 


silicate. White, granular, free 


flowing 


PHILADELPHIA QUARTZ COMPANY 
1133 Public Ledger Bidg., Philadelphia 6, Pa. 


Sodium Sequisilicate U. S. Pat. 1948730, 2145749) 
Sodium Metasilicate U.S. Pat. 1898707 








When a touch on a button moves weldments like these into the correct, 
most convenient position for a downhand pass, you get more arc time, more 
welding at lower cost. C-F power operated Positioners rotate the work in a 
full circle at any point in a range of 135° from the horizontal—giving welders 
a choice of an infinite number of downhand welding positions instantly. 

Every requirement for faster, better positioned welding—constant or variable 
speed table rotation, full 135° tilt, self-locking gearing which holds the table 
in any position, oversize built-in main tilt and rotating bearings, choice of 
two base styles, and many other features—are built into C-F Positioners. 

C-F Positioners are available in Hand or Power operated models, and are 
made in capacities up to 30,000 Ibs. and larger. 


Write for the new C-F Positioner Catalog. 
1314 S. KILBOURN AVENUE e CHICAGO 23, ILL. 
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positioned welds 





mean better, more 


CULLEN-FRIESTEDT CO., CHICAGO 23,iLL. 


economical welds 


136 








4 
x 3 


News Digest 





improvement in 1340 by replacing 
part of the manganese with molybde. 
num. Heats were made at differen; 
phosphorus levels in a series tha 
began with 1340 and ended with 
steels containing 0.32 to 0.35% mo. 
lybdenum with 0.82 and 0.90% man. 
ganese. 

The authors of this paper conclude 
that replacement of a part of the map. 
ganese in 1340 steel by molybdenum, 
in proportions required to maintain 
the hardenability of the grade, te. 
duces the loss of toughness canised by 
phosphorus in tempered martensite. 
Furthermore, the tolerance for phos. 
phorus provided in tempered marten. 
site by partial replacement of man. 
ganese by molybdenum depends upon 
the amount of the replacement and 
the heat treatment of the steel. Ap- 
preciable improvement resulted from 
as little as 0.06% molybdenum. With 
0.18% molybdenum, toughness was 
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virtually unaffected by the severe em- Mm !*S 
brittling treatments employed in this Hm *" 
work, even with a phosphorus content Hy” © 
of 0.035%. ing 

the 

tion 
Phosphorus and Nitrogen The 


“Some Effects of Phosphorus and 3 500 
Nitrogen on the Properties of Low #ijam: 
Carbon Steel” were determined by MM ques 


G. H. Enzian, of Jones & Laughli is 
Steel Corp. othe 
The effects of these elements 00 Ji fy 


the properties of low carbon steels ate HM the 
important considerations to the use! HM furp 
of such material, as these two ele- 
ments represent the principal compo- 
sition difference between Bessemet 
and open-hearth grades. Furthermore, 
open-hearth steels themselves mij 
vary considerably in nitrogen content, 
and, in addition, appreciable amounts 
of rephosphorized open-hearth steels 
are being used at the present time if 
some low alloy, high strength grades 
and in certain other cases. 

Study of the tensile and impact 


properties, sensitivity, and strain ag 
race 





ing of a number of induction ! 

heats containing varying amounts 0! 
phosphorus and nitrogen seems 0 !0 a ,; 
dicate that the two elements ¢xX¢! Bi fous 
additive effects and, with the exceP HM i... 


rné 
ne 


tion of strain aging behavi 
relative amounts of both eleme 
must be considered in evaluatiNg 
either. In the case of strain 4g! 
phosphorus apparently contrib 


nen 
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- an Mltst~Beldwin-Sonntag fati d simmbesed-cocvl 
eo em. Ig Hitst—Baldwin-Sonntag fatigue and simulated-service ; 
c ‘hi testing machines filled a gap in the designer’s knowledge or combined stresses. Maximum force—SF-01-U, 200 Ib.; 
ofessential properties of machine elements and engineer- SF-1-U, 2000 Ib. (Bulletin 258) 











ontent 

ing materials. Now—this newest machine fills a gap in 

the capacity range, completing a line that permits applica- 

tion of forces varying from 20 lb. to 20,000 Ib. =| BALDWIN-SONNTAG SF-20-U 

The new SF-10-U provides for static pre-loads up to UNIVERSAL FATIGUE TESTING 
is and 95000 lb., accurately maintained throughout the test, plus MACHINE. Maximum force 
tf Low #4 maximum of 5000 Ib. alternating load, applied at a fre- 20,000 lb. — 48 inch distance between platens — large per- 
ed by quency of 1800 cycles per minute. Maximum amplitude missible amplitude. (Bulletin 257) 
ughlin MBs 4”. The same constant force principle is used as in 

other SE hi gy Seto. 

pein 0 =o = ROTATING BEAM FATIGUE TESTING 


MACHINES. (1) R. R. Moore using 
e uset MM rnished ) standard machined fatigue specimens stressed up 
i ite ee ey eee = to 200 in. Ib. at 10,000 R.P.M. (Bulletin 204). 


BALDWIN-SONNTAG SF-2 FATIGUE (2) Baldwin-Sonntag SF-10-R—standard specimens up to 


tS 08 MM full information on the SF-10-U or on the other units in ae 
els att Mi the Baldwin fatigue testing line shown below will be ' 













Ompo- - Pt 
sent aS Fe TESTING MACHINE. Small, light 1 Ginsheret, capacity 10,000 in. lb., 3600 R.P.M. 
es | . (Bulletin 259) 

rmor, Sol motor-driven unit for bench mounting 
em for testing sheet materials in flexure. 
ontent, MM Adiustal OTHER BALDWIN FATIGUE TESTING 
noun isuble akemating force up to 20 Ib. (Bulletin 256) EQUIPMENT. The Baldwin line includes 
steels = a number of special fatigue testing 
oe in | ‘ad BALDWIN- eee imate seed : machines, such as the Lazan Oscillator, the 
orades Sy SF-1-U UNIVERSAL Rolling Load Fatigue Machine, the BF Fatigue Machine, 

MACHINES. For testing materials or parts Vibration Tables, and others. If you have any special 

impact in tension, compression, torsion, bending problems, ask about this special equipment. 
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\\ hes little that the aging behaviors of high 
ee ga and low phosphorus steels with the 
“a same nitrogen contents are virtually 
indistinguishable. 
The author also concludes that: 
| 1. Nitrogen variations in low phos. 
| phorus steel have a greater effect op 
| its properties than similar variations 
MORE BEAUTIFUL, in a variety of rich, lustrous finishes and in high phosphorus material. 
patiems for decorative and srecteral woes, Con be stomped, | 2. Phosphorus variations in low pi- 
trogen steel produce a greater change 
in properties than similar variations 
with high nitrogen contents. 


FASTER and MORE ECONOMICAL because plating, pol- | These observations, however, do 


ishing or other finishing is not required either before or after ' not hold for steels deoxidized wi 
fabrication. You simply fabricate to form a finished product. ; : d ed with 
aluminum and certain other elements 












































NICKELOID 


METALS 


(Pre-Plated) 





Most of the papers in this summan 
have been published in full in the 
Journal of Metals, starting in the De 
1949 issue. Further information on 
the availability of these papers can 
be obtained from the American Insti- 
tute of Mining & Metallurgical Engi- 
neers, 29 West 39 St., New York 18. 


Magnesium Rolling Mill 


Greatly increased demand for mag- 
nesium sheet in airplane construction \ 
and other phases of the national se- 
curity program has led to the estab- 
lishment of a new division for the 
rolling of magnesium sheet at Alum- 
num Co. of America’s New Kensing- 
ton, Pa., works. Magnesium rolling 
operations have been conducted 4 


BOTH A MATERIAL AND A METHOD! this plant in the past, but were dis 
NICKELOID pre-finished METALS provide two important | Continued in 1947 because o! i 
advantages: First, /ower costs through production short-cuts; po ri the war. = 
second, increased sales through the appeal of durable, lustrous, 


eye-catching finishes. Nickeloid Metals are “finished” raw Studies Show Fatigue Cracks 


materials, available in sheets or coils in a wide range of gauges my 

1 fini f 7 Develop Below Endurance Limi 
and tempers, finishes of Chromium, Nickel, Copper, Brass, | 
Tints or Gold Bond, plated to such base metals as Zinc, Steel, Tests of two shipbuilding wees 
have shown that fatigue cracks dt 
velop and propagate at cyclic stressts 
below the endurance limit and thi 


Copper, Brass or Aluminum. 






"p 

ann, % WRITE for new brochures such cracks materially raise the traf- 
om covering properties, ap- sition temperature. The studies based 
NICKELOID ~ plications and fabrica- on B and W steels. were carried 0U' 
= tion techniques for by J. M. Lessells and H. E. Jacque 

Qa _ . > ° 7 | 

>» Nickeloid pre-plated of Massachusetts Institute of [¢ 
METALS - ar ; Wi, 

(Pre-Plated) & etals. nology and reported in The W eam: 

>A s Journal (February). 

- | 4 Ty - < ’ > meéfn> 
NICKEL ~ CHROMIUM~ BRASS - COPPER LY X hen fatigue senpect ag a ia 
Evectre - plated TO ALL COMMON Base METALS eS were cyclically stressed so as to avon 


oy, eitsetttecc” © AMERICAN NICKELOID COMPANY | ‘3isve cracks, the resulting sonst 


Oth 
AND Lancs’ PERU 6, ILLINOIS | the original curve. The authors co” th 


MATERIALS & METHODS 
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Machinability that enables you to produce small 
metal parts efficiently and economically . . . wear- 
resistance that enables those same parts to stand 
up under severe service ... you get both and more 
when you use Republic Cold Drawn Alloy 
Steel Bars. 


Produced by Republic’s Union Drawn Steel 
Division, these bars are unsurpassed for close 
tolerance, accuracy of section, fine surface finish 
and UNIFORM MACHINABILITY. They are 
strong, tough, and uniform in response to harden- 
ing treatment. They’re made to withstand shock, 
strain, wear and heavy loads without weakening. 


J MACHINABILITY 





WEAR-RESISTANCE 


ag: ¢ 
: wim GUL COLD DRAWN ALLOY STEEL BARS 


Republic Cold Drawn Alloy Steel Bars are avail- 
able in all popular analyses, in standard shapes 
and sizes, and furnace treated (annealed, normal- 
ized, spheroidized, stress relieved or carbon cor- 
rected) to your requirements. 


Republic metallurgists and machining experts 
will be glad to show you how to use them to 
greatest advantage. Write, wire or phone: 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES « CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


STEEL 


ALLOY STEEL BARS 





Other Republic Products include Carbon and Stainless Steels—Sheets, Strip, Plates, Pipe, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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STAINLESS 
PLATE? 


CALL, WIRE OR WRITE 


G:Ear.son, me 


A tremendous stock of stainless steel plates of all sizes and 


analyses is ready from which your needs can be supplied 
promptly. 


High speed special equipment for miscellaneous shape 
cutting can save you time and money, to say nothing of 


transportation economy. 


G. O. Carlson, Inc. maintains ‘on time”’ delivery of heads, 


rings, discs, forgings, billets, bars, and No. 1 finish sheets. 


Save time .. . Call G. O. Carlson, Inc. FIRST 
COATESVILLE, Pa. 2800 


, 
~ 


| CARLSON, INC. 


Stainless Steels Exclusively 
200 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS e BARS e SHEETS (No. 1 Finish) 
District Sales Offices and Warehouse Distributors in Principal Cities 
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cluded that the following phenomen, 
in their order of importance, produc 
a marked effect on impact transition 
curves: 

1. Fatigue damage accompanied by 
high stress concentrations associate) 
with fatigue cracks. 

2. Gross plastic deformations rf. 
sulting probably in an increase of 
micro stress concentrations. 

3. Fatigue damage which does not 
result in macro stress concentrations 
but which is undoubtedly associated 
with micro plastic deformations, 

Based on these conclusions, the av- 
thors recommend further investiga. 
tions of the following phenomena: 

1. Effect of various amounts of 
plastic deformation ( prestraining in 
tension) on the transition temper. 
ture. 

2. Effect of cyclic stress amplitude, 
both in direct (axial) loading as well 
as bending, on rate of crack propa 
gation. 

3. Effect of cyclic stresses (bending 
and direct loading) on transition 
temperature at amplitudes below 
those which produce cracks. 

Although their tests were under- 
taken in connection with current in- 
vestigations of the causes of ship frac: 
tures, the authors believe the studies 
recommended above should be ca- 
ried out on a variety of ferrous and 
nonferrous alloys. 


Greatest Synchro-Cyclotron Ready 


The world’s most powerful syn- 
chro-cyclotron, generating 385 mil 
lion electron volts, is now in opef# 
tion at Nevis, Irvington-on-Hudson, 
the New York site of Columbia 
University’s new nuclear physics tt 
search center. The project was devel- 
oped in cooperation with the Office 
of Naval Research and jointly spot 
sored by the Atomic Energy Com 
mission. Construction of the labor 
tory was started in February, 194/, 
and completed last month. 


New Reduction-of-Area Gage 


More reliable data on some of the 
mechanical properties of metals a0 
alloys at low temperatures are 
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bank on SMES Slee 


at the Pelham Parkway Branch 
The proven low maintenance cost of stainless steel 


of The Bronx Savings Bank was a primary reason for its selection for application 


(Hubert E. Reeves, Architect) = the — Parkway Branch of The Bronx 
vings Bank. 


In this gem of a neighborhood bank, the stainless 
steel, buffed to a satin finish, gives a pleasing and 
luxurious appearance. 


Stainless steel is also outstanding for its adapt- 
ability to architectural forms for both exterior and 
interior applications, including such a wide variety 
as curtain walls, window frames, grill doors, orna- 
mental trimmings, and even tiny screws. 


To insure the production of consistently high 
grade stainless steel, the use of ferro chromium of 
dependable quality and precise analysis is of prime 
importance. Vancoram Brand Ferro Chromium, 
made by closely controlled processing methods from 
carefully selected raw materials, fills these require- 
ments. Low-carbon grades for the manufacture of 
stainless steel are supplied with a carbon content 
from 0.06% max. to 2.00% max., all containing 
from 67% to 72% chromium. 





If you have a technical problem involving the 
making, treatment, fabrication, properties, or per- 
formance of stainless steel, our metallurgical engi- 
neers will be glad to help you solve it. 
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MAKERS OF ALLOYS 


Val ADIUM CORPORATION OF AMERICA OSE, 





VANS. 





[ON AVENUE, NEW YORK 17..N.‘Y¥Y. « DETROIT «. CHICAGO CLEVELAND « PITTSBURGH 
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ay 











Producers of 


Metal Powders 


Copper Powder 


(ELECTROLYTIC GRADE) 


Solder Powder 
Silver Powder 


Tin Powder 


THE AMERICAN METAL CO., LTD. 


61 BROADWAY, NEW YORK 6, N. Y. 





















Hassall cold-headed fasteners can improve your products and 
save you money, even on short runs. Send us your specifications 
for your nails, rivets and screws... in diameters from 1/32" to 
3/8”... lengths up to 7”... in any workable metal ...in prac- 
t tically any finish. Your inquiry will be handled promptly. 


Ask for free catalog. 
JOHN HASSALL INC. 





162 Clay Street 
Brooklyn 22, New York 
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lieved imminent with the recep; de. 
velopment of a special reduction-of. 
area gage by G. W. Geil and N |) 
Carwile, of the National Bureay of 
Standards. 

For some metals, an accurate de. 
termination of the stress-strain Curve 
from yield to maximum load canny 
be made from extension measur. 
ments because the metal may contrag 
locally before reaching the final may. 
mum load. Moreover, simultaneoys 
































The Bureau of Standards’ new reduction-cl. 
area gage ‘accurately follows changes i 
diameter of specimens tested in refrigerants 





Le 


load and diameter measurements art 
essential for the determination 0 
the complete true-stress: true-strail 
curves for metals tested in tension 
The Bureau’s new gage makes poss 
ble successive diameter measurements 
during the entire deformation of the 
specimen. 


Atomic Power Plant Structures 
Raise Unique Materials Problems 


Some. of the unique material 
problems encountered in designing 
structures to be used in atomic pow?! 
plants were pointed out recently ° 
Harry E. Stevens, of General Elect 
Co., in a talk before the Fort Way 
section of the American Institute “ 
Electrical Engineers. 

A nuclear reactor emits h gh-e 
ergy particles and radiations (OM | 
parable with those that would b 
discharged from several tons of pu 
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let’s LOOK INTO the Use of FELT by SEALMASTER 


Here is an exceptionally interesting example of 
the use of American Felt in a bearing seal. Note 
that the seal consists of an inner labyrinth ring 
pressed into the outer race of the bearing, an outer 
flinger ring pressed onto the inner race of the bearing, 
and a ring of felt in the channel between the two. 
The felt rotates with the outer ring, and as it is 
assembled without pressure, there is no danger of 
glazing or wear. 


Now let’s see what happens in service. Due to the 
rotation of the outer steel ring and the felt ring, 
centrifugal action is developed. Three effects 
sult from this action in combination with the de- 
gn of the labyrinth: 1, entry of dirt into the seal 
} prevented; 2, excess grease that may work its 
vay past the vortex or trap created by the steel 
sal ring on the outer race passes slowly through 
he felt; 3, the felt is kept clean and free from glaz- 
ng. When rotation stops there are still the same 
arriers, except the centrifugal. No wonder these 
illow blocks run for years with such protection! 


1950 


e American provides various types of felt, plain 
or laminated with impervious materials, to meet 
the need for reliable seals. Write for authoritative 
Data Sheet No. 11, “Felt Seals, Their Design and 
Application”, complete with illustrative samples. 


American Felt 
Company 


TRADE MARK 


GENERAL OFFICES: 24 GLENVILLE ROAD, GLENVILLE, CONN. 


ENGINEERING AND RESEARCH LABORATORIES: GLENVILLE, CONN. 
—PLANTS: Glenville, Conn.; Franklin, Mass.; Newburgh, N. Y.; 
Detroit, Mich.; Westerly, R. 1.—SALES OFFICES: New York, Boston, 
Chicago, Detroit, Cleveland, Rochester, Philadelphia, St. Lovis, 
Atlanta, Dallas, San Francisco, Los Angeles, Portland, Seattle, Montreal. 













(Above) Actual size unretouched hain of 
.22 cal. rifle bolt cast by the Hitchiner method with 
tolerances as close as .002 on some dimensions. No 
machining, other than removal of gate, required. Ma- 
er llium Copper. ficken C49 after heat 
ensile strength: 170,000 p.s.i. minimum. 






































A PRECISION INVESTMENT CASTING 


by Bilbad hla. 


If you are using — or contemplate using — parts which require 
lengthy, intricate machining operations, it will pay you to in- 
vestigate the savings made possible by the Hitchiner method of 
precision investment casting. 


@ Because shapes are incorporated into the casting itself, 
costly tool up and machining time, fixtures and special tools 
are eliminated. 


@ Where several parts are now required to make a unit, we 
can often cast them as one piece, saving expensive assembly 
time. 


@ The cost of tooling is nominal and no set-up time is required, 
making short runs often more economical than by other 
methods of manufacture. Mass production requires but 
little extra tooling. 


@ We are prepared to meet your met al requirements as we 
regularly cast in virtually all ferrous and non-ferrous alloys. 


Some of the most difficult small parts production problems 
have been solved by Hitchiner. Send us your blue-prints or 
sketches and receive competent advice from our Metallurgical 
and Engineering Staff. 


HITCHINER MANUFACTURING CO., INC. 


Manchester, N. H. 


Exclusive Sales Representative: The Metal Products Sales Co. 
967 Farmington Ave., West Hartford 7, Conn. 
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radium. Able to penetrate conside,. 
able thicknesses of any material, thes 
particles may change the arrangeme; 
of the atoms of which a structure j 
made, and considerably alter its phy. 
ical properties. Thus, a structur,| 
material which may be entirely sat. 
isfactory for ordinary engineering 
uses might be made unsuitable fo, 
prolonged operation in an atomi 
power plant. 

Another question which must } 
considered is the capacity of a struc. 
tural material to behave as a “neutrop 
blotter.” The atomic particles called 
neutrons, which are produced 
large numbers in the reactor, ar 
responsible for maintaining the chain 
reaction by which atomic energy js 
released. Control rods, which soak wp 
these neutrons as a blotter soaks wp 
water, are required to keep the rc 
actor from running away. If man 
other parts of the structure act 
neutron blotters, however, the supply 
of neutrons will be depleted and the 
power output reduced. 

Materials for shielding the reac 
tor so that radiations emitted will no 
be dangerous to personnel in the vi: 
cinity present another problem. Such 
shields must be thick enough to re 
duce the intensity of the rays by man 
thousands of times. If concrete 
used, it must be many feet in thick 
ness, but proper selection of mate 
rials makes it possible to cut shield 
size considerably. Such considerations 
as these make it necessary to invest 
gate strange new structural material 
for many atomic power plant appl: 
cations. 





Titanium Alloy Used in Jets 


The Navy Bureau of Aeronaut 
has released a few details on a light 
weight, titanium-base alloy now 
ing used in jet aircraft. The a! 
containing 5 chromium and 
minum, has been under deve pil . 
for four years. It is being used " " 
parts of jet aircraft where streng' 





and oxidation resistance at h aT 
peratures are important, such as ™ AN 
bine blades, tailpipe shrouds, eng! 
fire-walls and in the engine prope Wi 
In addition to providing great 
high-temperature strength than alu- 
MATERIALS & METHOD® A 
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Valuable Design Flexibility 


Even For The Less Complicated Parts 
ath 


MADISON-KIPP 
ZINC and ALUMINUM DIE CASTINGS 


The three segments of a circle here illustrated 
show bosses, beads, smooth edges, and true radii 
so necessary in washing machine service. No 
other process can provide these features so easily 
or economically. 

You may be able to reduce the weight of your 
parts, add eye appeal, strength, and economy by 
adopting Madison-Kipp die castings. 

Please address your inquiries to our home office 
in Madison, Wisconsin. 
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) ten 218 WAUBESA STREET, MADISON 10, WISCONSIN, U. S. A. 
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ngine ANCIED TELIERS GASQUY, 31 Rue du Marais, Brussels, Belgium, sole agents for 
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reatel countries, India, Australia, and New Zealand, 


1950 


For CRITICAL TOLERANCES, = 
SMOOTH FINISH, and ECONOMY ~ Bh News Digest 













































minum and magnesium alloys, hy 
new titanium alloy offers a bette, 
strength-weight ratio than alloy ste¢! 
thus making possible lighter aircra{, 


DESIGN FOR 
POWDER METALLURGY | 


By designing this magneto advance weight, used in Wico Magnetos, for powder metallurgy: 


News of Engineers 





Critical Tolerances are held. Specifications require +.0015” on some dimensions. J. Ralph Macon recently joined the Penn 
Smooth Surfaces are consistently maintained. No surface finishing is required. iF 


a > dnd ta on SO a eee “Fi | sylvania Salt Manufacturing Co, as an engi. 
w Cost is the result. No other production met offered equal economies. . : 
precision casting would cost approximately four times as much, and Corrosion neer in the Market Research Div. Mr 


Problems Are Eliminated through the use of nickel silver powder Macon, formerly associated with the Elec 
trochemicals Dept. of E. I. du Pont & 

SEND FOR FREE COPY of OUR ater Nemours & Co., Inc., will work on marke: 

‘Applications and q roperties of Nonferrous Powder development of new Pennsalt products for 

Parts.” Presenting : ‘ . 

the metallurgical industry. 


The election of Lewis P. Tabor, senior 
research engineer in the Franklin Institute 
Laboratories for Research and Develop 

THE NEW JERSEY ZINC COMPANY ment, as chairman of the Institute's high; 
160 FRONT STREET ° NEW YORK 7, N. Y. | important Science and Arts Committee ha 
been announced. The Committee is re 
sponsible for choosing the scientists 
whom special Institute medals are awarded 
each year. Mr. Tabor replaces Lawrenc 














1. 14 case histories of cost savings. 





2. Properties of the commonly used 


wonst HEAD PRODUCTS BRASS powders 

















LePage of the Adrian Bauer Advertising Hi 
Agency, who resigned to undertake other shi 
duties for the Institute. in 

Dr. Frederic W. Schuler is now associate St 


with National Research Corp., where he lol 
engaged in metallurgical research. 





| Co. occurred at a recent meeting. William ch 
F. MacDonald, named president of the com- 

pany, will continue temporarily to reta 

his present office as treasurer. Major Aaro’ 

E. Carpenter voluntarily relinquished the 
presidency and was elected chairman of the 

Board of Directors. Charles P. Stocke 
assistant secretary, and Marie A. Heale) 
assistant treasurer, were both re-elected t 

their respective offices. 


STAINLESS ¢ 


STE E L 7. S109) 
FASTENERS swoon 


¥, ee Sa S | Election of officers of E. F. Houghton & pe 
“aa . @& | 


Van H. Leichliter has been named assist 
| ant vice president-operations of the Amer 
ican Steel & Wire Co., a United States stet 


Made right... 
Priced right. . . 


; ae > > ~ > | nnel Q 
. ° . . . SUDS T. > $ mefai 5up* N 
by specialists in stainless! Corp subsidiary. I reviously general 
intendent of the company’s South W orks 10 4 
See Allmetal first for stock ship- Worcester, he will now be located in tt t 


ments of stainless machine, set, main office in Cleveland, Ohio. 









. t 
self-tapping, wood screws, nuts, bolts, , ' 
pins, ll rivets, including Govern- | The appointment of Cari A. Day as nes t 
‘ ‘ ’ of manufacturing at Bausch & Lomb Opt , 
ment and “AN” =. t del : ' 
pr types sl Pudtins lohan ved . 5 dba cal Co. has been announced. Mr. 
Screws and speciohs, tes. WRITE FOR CATALOG 49E song fet ow ty tea 
Charles B. Belknap, coordinator o © 
WiESS 5 MANUFACTURERS SINCE 1929 | search for the Owens-Illinois Glass Co., ¥* 
FP. %, recently elected to the Board of Directors 
a REA TT | Arthur D. Little, Inc. At the same meetine 
OK) | 
aw % 





-- | Howard J. Billings was named treasuret, ' 
Ceece AP2LOCELCE t, <. | succeed Henry G. Powning. Mr. Billings 


Wp. ee? 
nee EER 143.1 8-311 3 1 a aE will also be in charge of the company’ 








non-technical internal operations, previous’! 
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, the 
Detter 

Steel, 
Craft 


7t Typical Machine Shop Reporte: 


BETTER 
PRODUCTION 


... Longer Tool Life 
4 ._.. Better Finish 


1 Cngi- 


: WITH J&L 


=BFREE-CUTTING “E’’ STEEL 





high! 
ee has 
Is fe ese THE NEW FREE-CUTTING 
Sts t 
Warded 
UTENCE . . 
selene Hundreds of profit conscious machine 
other shops throughout the metal-working 
industry have switched to J&L “E” 
ciate Steel to ensure dollar savings through 
he longer tool life and increased production. 
Here’s a report from a typical inde- 
ton & pendent shop which produced the parts 
—_ shown actual size at right: 
e col 
retain asuce enmniale ; 

Aaror J&L ‘E’ Steel machines very well 
id the ... the finish obtained has been ex- 
q he . . 
of the cellent . . . our tool life has been in- 

yFocRre ~ an 
creased .. . we have been able to 
leat . Ov . , 
* realize 33% better production. We 
are interested in changing all our 
= specifications to your new ‘E’ Steel.” 
Amet- A 
5 Stet These are reasons why J&L “E” 
Ine kta 4 y . : 
supe steel has been so enthusiastically 
- accepted throughout the industry. But 
there are others—four years of exhaus- 
hea tive held testing in over 100 applica- 
Ont tions proved J&L “E” Steel’s superi- 
yy ority. Now since “E” Steel has been 
yr fr 
Wa 
etif own raw materials 
ef, t J&L nufactures a full line of BARS AND SHAPES « 
[lings " teel products, as well as 
“ certain products ip Grisegicy ROLLED STRIP AND SHEETS » 
ious!) and JALLOY (Ai-tensile steels). 
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JONES & LAUGHLIN STEEL CORPORATION 


, PRINCIPAL PRODUCTS: HOT ROLLED AND COLD FINISHED 


PRODUCTS «+ ‘‘PRECISIONBILT’’ WIRE ROPE »* COAL CHEMICALS 


BESSEMER SCREW STOCK 


on the market, 80% of the new users 
report: 

* Better Machine Finish 

* Longer Tool Life 

* Higher Speeds 

* Machinability Ratings up to 170 

* Better Response to Forming and 

Cold Work 
J&L “E” Steel is made in three grades: 
E-15, E-23, and E-33, each within the 
composition limits of the standard 
bessemer screw steels and with similar 
tensile properties. 

Investigate the production economies 
you can gain with J&L “E” Steel. 
Write today for your free copy of the 
booklet “‘Faster Machining... Smoother 
Finish... Longer Tool Life.”’ It will 
give you additional information 
on properties, grades and their 
equivalents, and applications. 

“E” Steel (U.S. Pat. No. 2,484,231) 
is easily identified by the distinctive 
blue color on the end of every bar. 


STRUCTURAL SHAPES «+ HOT AND COLD 
TUBULAR, WIRE AND TIN MILL 
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PARTS SHOWN ACTUAL SIZE 


Jones & LAUGHLIN STEEL Corp. 
474 Jones & Laughlin Building 


Pittsburgh 30, Pennsylvania 


Please send me your booklet, “Faste 
Machining . . . Smoother Finish 
Longer Tool Life,” 
“Ek” Stee L. 


J&l 


describing 


NAMI 
ADDRESS 


COMPANY 
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WHY GUESS THE 
TEMPERATURE 
.» +» When you can SEE it! 


PYRO 


Radiation 
Pyrometer 


Tells spot temperatures instantly in 
heat-treating furnaces, kilns forgings 
and fire boxes. No thermocouples, lead 
wires or accessories needed! Tempera- 
ture indicated on direct-reading dial at 
a press of the button. Any operator can 
use it. Two double-ranges for all plant 
needs. Write for FREE Catalog No. 100. 


PYRO 


Optical 
Pyrometer 


Determines temperatures 
of minute spots, fast- 
moving objects and 


Ld 
4 
=| 
| 
j 
\ 

















smallest streams ata 
glance! No correction 
charts or accessories 


needed. Easy to use— 
weighs only 3 Ibs. Spe- 
cial types available to 
show true spout and pour- 
ing temps. of molten fer- 
rous metal measured in 
open. Five temp. ranges. 
Write for FREE Catalog 
No. 80. 
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EIGHT INSTRUMENTS ALL IN ONE 


The NEW PYRO Surface Pyrometer 
handles all surface temperature mea- 
suring jobs. Has 8 types of thermo- 
couples; all interchangeable in seconds 
with no recalibration or adjustment. 
Automatic cold end 
compensator, shock, 
moisture and dust 
proof. Accurate, big 
4%” indicator. Avail- 
able in 5 temperature 
ranges. Get FREE Cat- 
alogue No. 160. 


BETTER 
TEMPERATURE 
CONTROL FOR 
NON-FERROUS 

FOUNDRIES 


The Pyro Immersion 
Pyrometer is shock 
proof, moisture proof, 
dust proof, immune to 
magnetic influences. 
Shielded steel housing. 
Instantly interchange- 
able thermocouples 
without adjustment or 
recalibration. Large 4” 
scale. Equipped with 
exclusive Lock Swivel. 
Ranges 0-1500 and 0- 
2500 F. Get FREE Cat- 
alogue No. 150. 


THE PYROMETER INSTRUMENT CO. 


New Plant & Laboratory 
BERGENFIELD 27, NEW JERSEY 


Manufacturers of Pyro Optical, Radiation 
Immersion and Surface Pyrometers 
for over 25 years. 
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the responsibility of T. L. Wheeler, vice 
president, who plans to retire shortly. 


The Steel Improvement & Forge Co. has 
promoted Walter A. Frazee to senior vice 
president and Aubrey H. Milnes, chief engi- 
meer, to vice president in charge of en- 
gineering and sales. 


Sidney Rolle, assistant manager of the 
Scomet Engineering Co., expects to depart 
this month for England and the Continent, 
where he will visit metallurgical plants in- 
terested in large capacity induction furnaces 
for melting nonferrous metals. 


The appointment of Roy D. Haworth, Jr. 
as manager of product development of the 
Carbide Alloys Div. of Allegheny Ludlum 
Steel Corp. has been announced. Mr. Ha- 
worth, formerly employed by Armour Re- 
search Foundation as supervisor of abrasion 
research, will be located at the Division's 
headquarters and plant at Ferndale, Detroit, 
Mich. 


Edmund D. Haigler has joined Fischer & 
Porter Co., where he will work on special 
customer engineering problems. Mr. Haig- 
ler was previously manager of the Foxboro 
Co., and recently completed a 2-year survey 
of the mining, milling and smelting in- 
dustries. 


The retirement of V. A. Lowinger from 
the chairmanship of the International Tin 
Research & Development Council, which 
controls the Tin Research Institute, has 
been announced. His successor is G. F. A. 
Burgess, a joint managing director of the 
British Metal Corp., Ltd. 


John H. Smith was recently elected presi- 
dent of General Electric X-Ray Corp., to 
succeed John H. Clough, who became chair- 
man /of the Board of Directors. Mr. Smith, 
formerly executive vice president, is also 
president and Mr. Clough chairman of the 
board of General Electric Medical Prod- 
ucts Co., a subsidiary of General Electric 
X-Ray. Mr. Clough relinquished the presi- 
dency in order to concentrate on coordinat- 
ing basic research carried on at G.E.’s Re- 
search Laboratory in Schenectady, N. Y. 


Haynes Stellite Div., Union Carbide & 
Carbon Corp., has appointed William B. 
McFerrin division executive vice president 
and Robert M. Briney division vice presi- 
dent in charge of Wrought Alloy Products. 
Mr. McFerrin was assistant manager of 
development, Electro Metallurgical Div., 
U.C.C., and Mr. Briney was manager of the 
Development Div., Union Carbide & Car- 
bon Research Laboratories, Inc. 


Curtner B. Akin has joined National 
Electric Products Corp. as manager of its 
Mechanical Tubing Dept. He was formerly 
associated with the Service Steel Co. 


The Aluminum Co. of America has ap- 
pointed John M. Mitchell manager of its 
Export Div., and G. B. D. Peterson sales 











Simplify, Speed-\p 
Sintering in Electric 
a ~~ 
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SINTERING FURNACts 
POWDERED METAL PART; 





" 





Laboratory Tube Furnace GT-20 HM-30, actuall) 
being used in production sintermg of small 
powdered metal parts. 


@® WHETHER your requirements are for e| 
research or production firing you will 
want to investigate the features of Harper 
Electric Sintering Furnaces which wil 
SIMPLIFY and SPEED-UP your sintering | 
operations. 
e Unvarying electric heat assures 4 
consistently uniferm product. 
@ Versatile design permits variations e 
in firing cycles to allow duplication 
of most production schedules. | 
@ Dependable automatic control 
features allow firing schedules to 
be rigidly maintained. 
W rite for information on Harper Electric 
Sintering Furnaces to meet your individ: 





— 





ual sintering needs. : 
Visiting the Metal Powder Show? 
We will be there with the ictest 
news on Harper Sintering Furnaces. 


VISIT BOOTH No, 22 


| 
| 
} 
| 
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HARPER ELECTRIC FURNACE 

CORPORATION 

1461 Buffalo Ave., Niagara Falls, N. ‘ 
Representatives in Principal Cities 
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tri 
: Another 


DPi 
High Vacuum 
‘SB packaged” Unit 
that cuts 


pumping costs 


.. THE NEW KB-300 EXHAUST UNIT 


PECIFICALLY designed to handle 
large volumes of gas, this unit 


provides: 





¢High pumping speed in the pressure 


cluail) 


dl range from 50 to 500 microns. 


— @High allowable forepressure ranging 
Wi 

arpet from one to three millimeters Hg. 

Will 


ering MP @High gas-handling capacity at low 
cost (see figures at right). 


| Construction designed to handle 
: water vapor and corrosive materials. 


Full information on request. 





VACUUM EQUIPMENT DEPARTMENT 


rom Sagoomnsemance DISTILLATION PRODUCTS cocccotrces 





ND ENGINEERING 


733 RIDGE ROAD WEST, ROCHESTER 3, N.Y. 
ae Division of Eastman Kodak Company 
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News Digest 


manager of the Division’s New York office 
Mr. Mitchell, in recent years in charge of 
Alcoa sales in Mexico, will make his head. 
quarters in Pittsburgh. Mr. Peterson previ. 
ously was sales representative for the Aly. 
minum Co. in York, Pa. 
























Arthur G. Gibbs, well-known elec, 
chemist and inventor, died recently after 
brief illness. Mr. Gibbs had been associated 
with the Pennsylvania Salt Manufacturing 
Co. for 43 years until his retirement jg 
radial contouring, it will pay you to consult PHOENIXSPUN 1946. He was most widely known for th 
development of the Gibbs cell for th 


specialists regarding your fabricating requirements. Our electrolytic production of chlorine, caustic 
soda and hydrogen from common salt brine 


Involved In Radial Contouring 


When the design of your products calls for any type of 


experience covers a wide range of industrial applications. The Titan Metal Manufacturing Co. has 
announced the death of Welliam Philip 


Submit your drawings and specifications for Sieg, founder and former president of the 


our prompt recommendations and quotations. 





company. 
Colonel William Watts Rose, formerl 
oHOENIX PROD lI it executive vice president of the Gray |; 
(0. Founders’ Society, died after several yea 
/ ’ e wile of i D5. 
VHMZLAMPOI ELLE ZZ, ; severe illness 


4725 N. 27th Street 
Milwaukee |6, Wis. ARE PHOENIXSPUN” 











News of Companies 





John D. Shaw, Walter V. Knopp anc 
Catherine L. Clark have announced the ! 
mation of S-K-C Research Associates, wi' 
laboratories located at 445 Fifth Ave., Pater 
son 4, N. J. They will offer research, tec 
nical consultation and development in pow 
der metallurgy, process and plant desigo, 
and mechanical, chemical and metallurgical 
engineering. 


The Lewis Welding & Engineering Cor}. 
Bedford, Ohio, has purchased the Euclid 
Ohio, plant and equipment of the /0 
Manufacturing Co., Pittsburgh, Pa. Th 
new plant will be organized as a sepatatt 
manufacturing entity and will do machine 
work and machine assembly work as 
Breckenridge Machine Div. of Lewis VW 
ing & Engineering Corp. Lewis Welains 
will continue to handle Joy Manutacturing 



























SMALLNESS UHL 


.. . THE BIGGEST ds & 
THING 

IN TINY ZINC 
DIE CASTINGS 





If your product or design calls for a really small part— call Gries, as so 


many cost-minded manufacturers do. Quickly and at amazing low prices, 


GRC’s exclusive production facilities turn out simple or intricate parts in work at the newly-acquired plant on 4 con 

one automatic operation—completely trimmed, ready for use. 100,000 tract basis until the Joy concern is prepatt 

pieces to many millions. New design possibilities, new to absorb such work in its other factorie 

products, and substantial savings in many instances Sy Production of “Carborundun 

are now possible. See what GRC’s smallness unlimited ed \ carbide has begun by the Carboru 

ne SN in a new plant adjacent to the Port of V#! 
; \ couver Terminal, No. 2, Vancouver, Was! 


R 


Maximum Weight: 









Write Today for Bulletin and Samples J. L. Bergman is plant superintendent; A. ‘ 


Knapp, plant engineer; and E. E. Einhor 

















Y oz. office manager. 
REPROU UKE Maximum Length: : e : Coy 
2 in. The Rolling Mill business of Loewy ©°" 










struction Co., Inc. will in the future 


NO MINIMUM! : Pgggans: te 
operated as Loewy Rolling Mill, D1. ° 


; 


84 Willow Avenue, New York 54, N. Y. 
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iP ' 2 A Me 4 Thermalloy tray and fixture assembly for 
heat-treating pinions, designed and pro- 


duced by Electro-Alloys for a leading 
with 2 to I work /alloy ratio 


automotive manufacturer. 








h,” tec! 


Le Che Thermalloy* heat-treat tray you see here have now been in service over 3% years. And the 
te was designed by Electro-Alloys engineers for Thermalloy trays have given, on an average, 
, a leading automotive manufacturer. It is used twice the service life of competitive trays. 

for heat- -treating pinions in a continuous Results like this are a matter of selecting 
y Corp radiant-tube furnace on a carburizing cycle the right materials... plus seemingly small 
ag f 1650°. tricks in design. The latter is often the most 
“ he Weight of the assembly, considering its important in increasing service life. 
ieee size, is not unusually light (23) Ibs.). But We would like to prove to you that we do 


rachine 
as the 
I 
Jelaing 
cturing 


4 in 
a (Ou 


the design of the fixture increased the number 
f pinions it carries from 4 to 9, or the weight 
load from 20 Ibs. to 45 lbs. The result is 
1 large increase in the productive capacity 
f the furnace. 

Yet, heavier loading in no way affected 
perating life. A number of the original trays 


Specify CHEMALLOY*™ for corrosion resistance . 









have an outstanding design service... plus 
outstanding heat and corrosion resistant ma- 
terials in the various grades of Thermalloy 
and Chemalloy. On your next alloy castings 
problem, call in an Electro-Alloys engineer, 
or write Electro-Alloys Division, 1981 Taylor 


Street, Elyria, Ohio. 
*Reg. U. S. Pat. Off. 


. THERMALLOY*™ for heat and abrasion resistance 


Write for Technical Booklet—Cast 26% Cr. 20% NI Alloys 





AMERICAN 

















~ ELECTRO- haa 5 : IVISION 











Save on Assembly 
Save on Scrap 
by Powder Metallurgy 


One Part + No Assembly 





| 1. PRESS 
| 2. SINTER 
| 3. OIL IMPREGNATE 








(SCRAP-NIL) 


Replaces 


Four Parts *« One Assembly 


1 SCREW MACHINE 
4 BLANK & PIERCE 


2 SCREW MACHINE m 5 BLACKEN 
3 SCREW MACHINE bod 


6 ASSEMBLE 





SCREW MACHINE SCRAP—50 PERCENT 


BLANKING SCRAP—42 PERCENT 
(Courtesy LIONEL CORP.) 


Call in your compacted parts fabricator 


for design consultation 


EKSTRAND & THOLAND, Ine. 
441 Lexington Ave. 
New York, 17, N. Y. 


Sellers of HOEGANAES Sponge Iron Powder 





Save on Machining 
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News Digest 





Hydropress, Inc. Offices are located a 570 
Lexington Ave., New York City. 


The purchase of a building adjoining jj 
Cleveland plant, formerly owned by th. 
Leece-Neville Co., has been announced by 
the Osborn Manufacturing Co. The Techy 
cal Dept. of the Osborn Brush Diy, wij be 
located in the new building, and wil} exp. 
tain all machines, tools and laboratorie 
needed to supply technical service on bry 
applications and similar problems for any 
industry making use of power brushing 


Philips Laboratories, Inc., New York |) 
N. Y., has granted to the Stackpole Carho, 
Co., St. Mary’s, Pa., a license under a nun. 
ber of patents pertaining to magnetic {e. 





rites and the manufacture thereof. berew $ 
; pages 

Entry into the manufacturing field ha forman: 
been announced by Houghton Laboratoric day's 
Inc., Olean, N. Y. Formerly an industri,| Parts 1 
consultant on protective coatings and cr. nit af 
rosion control, Houghton Laboratories ox lar pat 
now manufacturing a series of new ant Nodula 





corrosive metal primers and surface 
ings, as well as a mew plastic material 


called Hysol 6000. 


pages. 
ductiot 
tion of 

The purchase of the entire business and ately 
assets of Tincher Products Co., Chicago, |ll, proces 
by Ideal Industries, Inc., Sycamore, Ill., has High-s 
been announced. The company will con Perfor 
tinue to operate under the name Tincher high-s 
Products Co., but as a wholly-owned sub- tempe 
sidiary of Ideal Industries. A. B. Tincher hae 
originator of the Tincher Process for sealing 







porosity in castings, will continue with the Steel 
company in an active sales-engineering oor 
capacity. pean 

tical 


The Precision Tube Co., Philadelphia 


. ; lron 

Pa., recently appointed two new sales [ep c 
resentatives to handle their line of smal : 
4 : fin posi 

seamless mechanical tubing. They are 0# P 


Bussenius & Co., 80 E. Jackson Blvd., Chr magt 


cago 4, Ill., and C. E. Anderson Co., 450 re 
Euclid Ave., Cleveland 3, Ohio. re 
Under terms of a working agreement in tl 


with the Hungerford Plastics Corp., Mutt 


ms Ni 
Hill, N. J., the Obio Rubber Co. Wi Nid 
loughby, Ohio, has expanded its services © tale 


include flexible vinyl and other therme me 
plastic materials used for a wide diversit) Use 
of component parts and complete product. 


face 
At the same time, Ohio Rubber acquitt 

exclusive sales rights for the Hungeriot Abr 
“Flex-Grip.” “ 
The Prozite Co., a recently formed Mic Ball 
gan corporation, has appointed Gér % 
Michigan Corp., Adrian, Mich., a ing 
national sales agent for its new lin * 

ing and polishing compositions. ) 
rol 
Completion of a modern new Wi Be ),,, 
treatment plant to purify waste water 10" Bae yi, 
its steel mills along the Schuylkill Rv cal 
has been announced by the Alan Wo ar 
Spi 

(Continued on page 158 
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MANUFACTURERS’ LITERATURE 


aterials 





iron © Steel 


k-ew Stock. Carnegie-Illinois Steel Corp., 
B pages, illustrated, No. ADV-18703. Per- 
formance data on MX steel, claimed to be 
oday’s fastest cutting Bessemer screw stock. 
Parts made from this steel cost less per 
wait and have better appearance than simi- 
lar parts made from B-1113. (1) 


Nodular Iron. Cerium Metals Corp., 12 
pages. Some practical details on the pro- 
duction of nodular cast irons through addi- 
tion of cerium to molten cast iron immedi- 
ately before casting—a British-developed 
process. (2) 


High-Speed Steels. Climax Molybdenum Co. 
Performance reports show how molybdenum 
high-speed steels, which harden at lower 
temperatures than tungsten tool grades, 
can save money in production. (3) 


Steel Tubing. Peter A. Frasse & Co., Inc., 12 
pages, illustrated. Data on machinability of 
seamless mechanical tubing. Includes prac- 
tical recommendations for tool design. (4) 


Iron Powders. General Aniline & Film 
Corp., 14 pages, illustrated. Chemical com- 
position, particle size and density, electro- 
Magnetic constants and molding pressures 
lor Carbonyl Iron Powders used in many 
electronic devices, including most of the 
television and radio receivers manufactured 
in this country. (5) 


Nickel-Containing Materials. International 
Nickel Co., Inc., 32 pages, illustrated. De- 
tailed survey of use of nickel-containing 
materials in tractors and farm implements. 
Useful information on materials problems 
faced in this industry. (6) 


Abrasion-Resistant Alloy. Jones & Laughlin 


Steel Corp.. 36 pages, illustrated, No. 
ADI55, se histories showing use of 
Jalloy, an alloy steel having high resistance 
} ‘0 abrasion and impact, in mining, quarry- 
q ing, and earthmoving industries. Also in- 
cludes complete technical data. (7) 
plron Castings, Meehanite Metal Corp., 4 
p Pages, illustrated, No. 32. Reviewed pre- 
eg, tailed tabular summary of physi- 
‘A’ Properties of Meehanite high-quality 
Stay iron stings. (8) 
Spring § els. Sandvik Steel, Inc., 111 
APRIL, 1959 


Eighth Ave., New York 11, N. Y., 32 
pages, illustrated. Free when requested on 
company letterhead. Catalog lists 785 dif- 
ferent sizes of cold-rolled strip steels. Use- 
ful reference tables on weights, gages and 


hardness and temperature conversion in- 
cluded. 


Bright Annealed Stainless. Wallingford Steel 
Co., 2 pages plus sample, illustrated. Data 
sheet on this company’s 18:8 bright an- 
nealed stainless strip, accompanied by metal 
sample. (9) 


Nonferrous Metals 


Riveting Aluminum. Aluminum Co. of Amer- 
ica, 64 pages, illustrated. Comprehensive 
book on riveting aluminum includes infor- 
mation on strength and proportions of 
joints, driving methods, selection of the 
rivet alloy, protection of joints, aircraft 
riveting, and other topics, in addition to 
much tabular material. (10) 


Bronze Bars. American Crucible Products 
Co., 6 pages, illustrated. Lists sizes and 
approximate weights of Promet cored and 
solid bronze bars. Physical properties and 
advantages also given. (11) 


Beryllium-Copper Strip. Beryllium Corp., 4 
pages, No. 12. How to order beryllium- 
copper strip. Describes alloy, condition and 
temper, and gives mill sizes and mechanical 
and electrical properties. (12) 


Low Melting Alloys. Cerro de Pasco Copper 
Corp., 40 Wall St., New York 5, N. Y. 
Loose-leaf binder and informative engineer- 
ing literature on Cerro (low-temperature 
melting) alloys and special methods of 
application which have been useful in many 
phases of manufacturing. Free when re- 
quested on company letterhead. 


Aluminum Casting Alloys. Federated Metals 
Div. of American Smelting & Refining Co., 
40 pages, illustrated. Tabulates properties of 
45 sand, permanent mold and die casting 
aluminum alloys. Also covers related metal- 
lurgy and foundry practice. (13) 





To obtain literature appearing on these 
pages, please refer to easy-to-use reply 
card on page 155. 











Bronze Bars. National Bearing Div. of 
American Brake Shoe Co., 6 pages, illus- 
trated. Catalog gives sizes and approximate 
weights of as-cast and machined cored and 
solid bars of N-B-M “Tiger” Bronze. Prop- 
erties and advantages cited. (14) 


Nonmetallic Materials 


Pattern Plastic. A. R. D. Corp., 8 pages, 
illustrated. Prices, procedure and perform- 
ance data for this company’s Ard-Lustrex 
15K, a stable pattern plastic for precision 
casting. (15) 


Ceramics. American Lava Corp., 32 pages, 
illustrated, No. 444. Characteristics and ap- 
plications of AlSiMag technical ceramics. 
Pictures many different forms produced and 
lists detailed properties for those grades 
most frequently used. (16) 


Felt Gasketing. Anchor Packing Co., 4 pages, 
illustrated. Advantages offered by Chrome- 
Lock, an adhesive-backed, impregnated felt 
which is claimed to have cut application 
man-hours and overall gasketing costs over 


50%. (17) 


Resin-Glass Material. Apex Non-Ferrous 
Foundry, Div. of Apex Electrical Manu- 
facturing Co., 2 pages, illustrated, Apex 
Data Sheet, Vol. 1, No. 9. Describes new 
engineering material, made of Fiberglas and 
several resins, which expands design limita- 
tions imposed by sheet metal stamping 
and casting methods. (18) 


Plastisols. American Anode, Inc., 5 pages, 
No. A-8. Data sheets on American Resin 
Paste Plastisols for dip coating, spread coat- 
ing, casting, slush molding, etc. Physical 
properties, applications and details of proc- 
essing methods given. (19) 


Plastics. Bakelite Div. of Union Carbide & 
Carbon Corp., 32 pages, illustrated, Bake- 
lite in Review, Vol. 21, No. 4. Reviews 
four decades of progress in plastics industry 
with emphasis on Bakelite and Vinylite. 
Six additional articles. (20) 


Plastics. Continental-Diamond Fibre Co., 30 
pages, illustrated. Comprehensive technical 
information on Dilecto and Celoron lam- 
inating thermosetting plastics. Properties, 
grades, forms, applications, and fabricating 
procedures. (21) 


Plywood. Douglas Fir Plywood Assn., 20 
pages, illustrated. Physical properties, ad- 
vantages and applications of exterior and 
interior grades of Douglas fir plywood. In- 
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cludes joining and finishing information. 
(22) 


Plastics. Monsanto Chemical Co., Plastics 
Div. Reviewed previously. Describes proper- 
ties of this company’s Lustrex styrene and 
other plastics. (23) 


Plastics. Plaskon Div. of Libbey-Owens- 
Ford Glass Co., 4 pages, illustrated. Lists 
six advantages offered by Plaskon Alkyd 
plastic. Discusses application of this ma- 
terial in construction of magnetic starters. 


(24) 


Plastic Packing. Raybestos-Manhattan, Inc., 
4 pages, illustrated, No. A-941. Lists seven 
advantages of “Versi-pak,” a non-jacketed 
plastic packing for general industrial use 
at pressures up to 600 psi. and tempera- 
tures up to 350 F or higher. (25) 


Plastics and Rubber Application. Foster D. 
Snell, Inc. Folder explains this organiza- 
tion’s facilities for determining suitability 
of rubber or plastics for particular applica- 
tion. Service includes testing of compounds, 
manufacturing methods and design. (26) 


Felt. Western Felt Works, 32 pages, illus- 
trated. History of manufacture and uses 
of felt, including brief description of pres- 
ent-day methods and applications. (27) 


Industrial Plastic. Westinghouse Electric 
Corp., 36 pages, illustrated. Mechanical, 
electrical and chemical properties of Méi- 
cafta, an industrial plastic, plus grade 
selection table for laminated and molded 
forms. Applications and advantages dis- 
cussed. (28) 


Parts © Forms 


Alloyed Iron Castings. Advance Foundry 
Co., 8 pages. illustrated. Pictures many dif- 
ferent applications of Strenes Metal, a 
series of alloyed, abrasion-resistant irons 
cast by this company. (29) 


Magnesium Parts. Brooks & Perkins, Inc., 4 
pages, illustrated. Describes complete facili- 
ties for production of fabricated parts or 
assemblies of magnesium. Table of proper- 
ties of magnesium alloys included. (30) 


Die Castings. Doehler-Jarvis Corp., 4 pages, 
illustrated. Reviewed previously. Advantages 
of the die-cast aluminum automobile door 
panel developed by this company. Discus- 
ses possible future applications of large 
die castings. (31) 


Forgings. Drop Forging Assn., 60 pages, 
illustrated. Reviewed previously. Describes 
metal quality as developed in forgings 
formed in closed impression dies. Produc- 
tion techniques and economic advantages 
of forging given. (32) 


Electrical Contacts. Fansteel Metallurgical 
Corp., 36 pages, illustrated. Fundamental 
notes on contact design and properties, 
advantages and principal uses of Fansteel 
electrical contact grades. Also discusses as- 
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sembly methods, including riveting, spin- 
ning, upsetting, spot and projection weld- 
ing, and brazing. (33) 


Iron and Steel Castings. Hunt-Spiller Manu- 
facturing Corp., 383 Dorchester Ave., South 
Boston 27, Mass., 24 pages, illustrated. Free 
when requested on company letterhead. 
Comprehensive metallurgical information 
on this company’s cast Gun Iron, High Test 
Iron, high-carbon irons, austenitic irons, 
Carbon-Moly Steel and other irons and 
steels. 


Bronze Bearings. Johnson Bronze Co., 16 
pages, diagrams, No. L-5. Condensed cata- 
log of Ledaloyl self-lubricating bronze bear- 
ings produced by powder metallurgy meth- 
ods. Lists parts most in demand and im- 
mediately available from stock. (35) 


Rubber Parts. Lavelle Rubber Co., 44 pages, 
illustrated, No. MS 46. Catalog of standard 
moulded, extruded, lathe cut and punched 
rubber products. Helpful information on 
selection of type of rubber and manufactur- 
ing process for different fields of applica- 
tion. (36) 


Low Alloy Steel Castings. Lebanon Steel 
Foundry, 4 pages. Reference chart on speci- 
fication designations, analyses, physical 
properties and heat treatments for 15 car- 
bon and low alloy steels cast by this com- 
pany for a wide range of applications. (37) 


Cold-Drawn Shapes and Shells. Linde Air 
Products Co., 2 pages. Reviewed previously. 
Discusses types of Prest-O-Lite cold-drawn 
shapes and shells which can be supplied, 
including materials and dimensional ranges. 

(38) 


Metal - Wood Combinations. Met - L - Wood 
Corp., 12 pages, illustrated. Advantages, 
types, sizes, fabrication, construction details 
and applications of this company’s metal- 
wood combinations, supplied either in sheet 
or fabricated form. (39) 


Investment Castings. Microcast Div. of Aus- 
tenal Laboratories, Inc., 2 pages, illustrated. 
Reviewed previously. Shows typical parts 
made of high-temperature, difficult-to-ma- 
chine alloys by precision investment cast- 
ing. (40) 


Permanent Mold Castings. Non-Ferrous Per- 
manent-Mold, Inc., 2 pages, illustrated. Ex- 
plains how permanent mold casting of 
copper-base alloys can cut casting and 
finishing costs. (41) 


Precision Castings. Ohio Precision Castings, 
Inc., 12 pages, illustrated. Series of appli- 
cation reports showing how this company’s 
precision plaster mold castings have been 
used by several manufacturers to achieve 
close tolerances and smooth surfaces as well 
as economy. (42) 


Textured Metals. Rigidized Metals Corp., 4 
pages, illustrated, No. 1la/25. Reviewed 
previously. Characteristics of rigidized fer- 
rous and nonferrous metals, available in 
strip and sheet, solid or perforated. How 


texturing reduces weight and 
creasing rigidity and strength. 


Inorganic Plastic Moldings. Ros 
6 pages, No. 100. Reviewed 
Data on general characteristics 
inorganic plastic moldings. 
moldings for various electric 
purposes. 


Industrial Mainsprings. Sandstee! Spring Co 
Inc. Folder on this company’s facilitie; re 
designing and manufacturing fa; nt 
springs for industrial purposes. ' 


COst by jp. 
(43) 

One Corp, 
Previously 
Of Rosite 
Recommend, 
al insulation 
(44) 


(45 
Steel Castings. Steel Founders’ Society. of 
America, 34 pages plus 13- by 20%4.in 
chart, illustrated. Reviewed Previously 
Numerous photographs show application, 
of steel castings in varied fields. Chart 
classifies general engineering types of cay. 
ings according to tensile strengths and gives 
typical properties. (46) 


Centrifugal Casting. Tempil Corp., | page, 
Tempil Topics, Vol. 5, No. 1. Brief, help. 
ful summary of the process of centrifyg,| 
casting and its applications. (47) 


Powdered Metal Parts. Wel-Met Co. 1¢ 
pages, illustrated, No. 104. Discusses telg. 
tive advantages and limitations of powder 
metallurgy for producing parts. Covers 
physical properties, design factors and 
typical designs. (48 


Coatings ® Finishes 


Colloidal Graphite. Acheson Colloids Corp, 
4 pages, illustrated, No. 431. Explains how 
metals, plastics and other materials can be 
coated or impregnated with “Dag” colloidal 
gtaphite to impart to these materials the 
properties of graphite, including greater 
lubrication, electrical conductivity, etc. 
(49 


Protective Coatings. Atlas Mineral Products 
Co., 8 pages, illustrated, No. 7-1. Informa- 
tion on Zerok, Ampuar, Atlastic, Koraloy 
and Alkaloy coatings for protection agains 
corrosive fumes or splash on stee! 50 


Zinc and Steel Finishes. Azed, Inc., 46 pages. 
Series of technical bulletins on this conm- 
pany’s products for protecting and decorat- 
ing zinc or steel surfaces. Detailed data on 
finish and plate characteristics plus operat: 
ing conditions. (51) 


Protective Coatings. Bisonite Co., Inc. |4 
pages. Series of data sheets on Bisonitt 
“M” plastic coating for protecting met! 
surfaces against corrosion. Properties, Us, 


surface preparation, application and prices 
(52 


Metal Primer. Dampney Co. of America, - 
pages, No. 1550. Data sheet on Dampot! 
Metal Primer, and undercoating designe 
especially for metal scheduled for under 
water service. (53 


Strippable Coating. E. F. Houghton & Co. 
1 page. Data sheet on Houghto-Kote Wi 
Strip, an improved strippable vinylite p* 
tic coating for metals. Properties applice 
tions, advantages and spray inst st 

( )4 
Metallizing. Metallizing Engineering vet 
Inc., 8 pages, illustrated, No. 62. Review 
previously. Describes variety of iron 4 
steel equipment which was metallized with 
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Standard Tests for Sleeve Bearings-2 


S pointed out in the pre- 
ceding data sheet—‘“‘Standard 
Tests-1”.—the prime reason for the 
large number of tests employed is 
simply to assure the user that he is 
getting the greatest bearing per- 
formance possible for his money. 


This is necessary in Sleeve Bearings , 


not only because there are so many 
types of bearings available but also 
because it is possible to so design 
any type to secure all the necessary 
properties. Cast bronze is a good 
example. There are approximately 
me hundred separate and distinct 
alloys from which to choose. If 
plasticity and/or embeddability is a 
chief requirement the usual method 
is to increase the lead content: If 
greater hardness is required, the 
lead content is lowered, then tin, or 
nickel, or manganese, for instance, 
is increased. 


One of the chief points to remember 
in specifying sleeve bearings is that 
they can be “‘tailor-made”’ to suit 
practically any application. The 
only requirement is that we first 
determine all of the pertinent oper- 
ating factors. 


This is the ability of the bearing 
material to withstand shocks and 
loads without deterioration or 
fracture. It is particularly valu- 
able in testing bearings for in- 
ternal combustion engines with 
rapidly alternating stresses on bi- 
metal bearings such as steel 
backed, babbitt or bronze lined. 


Izod Notch Toughness 
Thi 


ene 


determines the amount of 

in foot pounds required to 
a specimen. The specimen 
ched and the energy re- 
quired to fracture in a single blow 
Indicates the toughness. 
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PHYSICAL PROPERTIES 
Johnson — - —_——__—_—___—— 
(1) (2) (3) (4) 
Bronze Wear Coefficient Izod Resistance 
Alloy No. Rate of Friction Notch to 
(dry) (dry) Toughness Pounding 
19 0.24 0.16 3.4 54 
25 0.36 0.14 5.2 22 
27 0.32 | 0.19 4.4 63 
29 0.35 0.16 5.6 40 
51 | 0.63 0.25 | 8.3 81 
53 | 0.62 0.26 8.5 86 
55 | 0.53 | 0.29 | 3.9 109 
66 0.50 0.19 8.4 20 
71 0.64 0.18 12.1 20 
72 0.41 0.19 8.6 38 














A typical listing and comparison of various popular, cast bronze bearing alloys. 


This test determines the physical 
ability to resist destruction of 
two surfaces rubbing together 
without lubrication. The results 
are usually tabulated in the loss 
of weight in grams per 10,000 
revolutions. 


This is determined by establish- 
ing the number of blows of a 
hammer weighing 7.5 pounds, 
falling 2 inches, are required to 
deform the specimen 5%. 


Coefficient of Friction 


This test in bearing material is 
always computed on a ‘“‘dry’’ 
basis, or a set up in which no 
lubricant of any kind is used. It 
is usually determined on an 
Amsler wear test machine. 


Thermal-Conductivity 


Thermal-conductivity is the 
ability of a bearing or bearing 
material to dissipate heat. It isa 


determination of the B.T.U.’s, 
per unit of time that will move 
through the material. 


Engineering Service 


Johnson Bronze offers manufacturers of 
all types of equipment a complete engi- 
neering and metallurgical service. We can 
help you determine the exact type of 
bearing that will give you the greatest 
amount of service for the longest period 
of time. We can show you how to design 
your bearings so that they can be pro- 
‘luced in the most economical manner. As 
we manufacture all types of Sleeve Bear- 
ings, we base all of our recommendations 
on facts free from prejudice. Why not 
take full advantage of this free service? 


This bearing sheet data is but one of a series. 


You can get the complete set by writing to— 
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SLEEVE BEARING HEADQUARTER 
169 S. MILL ST. - NEW CASTLE, PENNA. 
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Att through the summer— 

through hot, humid days 
and hot, humid nights—the 
biggest thief in America will 
be raiding your plant, stealing 
your profits, stealing your steel. 


In every department—where 
raw steel comes in, where it is 
stamped or milled or machined 
or ground, where it is pickled 
or cleaned or assembled—the 
moisture in the air is always 
helping that big thief, RUST, 
to rob you of production. 


But you don’t have to put up 
with this moist-month thievery. 
The Oakite Technical Service 
Representative can help you de- 
feat RUST. He is well equipped 
with methods and material for: 


1. Removing rust from raw stock 


2. Preventing rust while parts are 
being processed 


3. Cleaning and de-rusting in one 
operation 


4. Cleaning with simultaneous 
conditioning for painting plus 
protection against rust before 


and after the steel is painted. 


c “ FF For help in arresting 
RUST in your plant, 
write to Oakite Products, Inc., 


32H Thames St., New York 
6, N. Y. 


Machine cleaning Tank cleaning 
Electrocleaning Pickling 
Pre-paint treatment Burnishing 


Steam-gun cleaning Paint stripping 


METHODS * 
Technical Service Representatives Located in 
Principal Cities of United States and Canada 











News Digest 


Steel Co., Conshohocken, Pa. This plant is 
the first of its type to be built along the 
Schuylkill River to comply with the State’s 
water purification program. 


The Wallingford Steel Co., Wallingford, 
Conn., has announced the addition of a 
new 2-stand, 4-high tandem mill, manufac- 
tured by United Engineering & Foundry 
Co., Pittsburgh, Pa. Used in the breakdown 
of stainless and carbon steel, it is said to 
reduce strip gage by as much as 40% in a 
single pass. 

Better Finishes & Coatings, Inc., Newark 
5, N. J., is now shipping Chromic Acid 
Flake, Technical Grade, produced in newly 


installed electrochemical equipment at its 
Newark plant. 


News of 


Societies 





«Ihe American Iron & Steel Institute 
elected two new directors to fill existing 
vacancies. John N. Marshall, chairman of 
the Granite City Steel Co., succeeds the late 
Hayward Niedringhaus. And E. L. Clair, 
president of Interlake Iron Corp., assumes 
the vacancy resulting from the resignation 
of Leigh Willard. 


The appointment of Charles Lukens 
Huston, Jr. to the board of trustees of 
Drexel Institute of Technology has been 
announced. Mr. Huston is president of the 
Lukens Steel Co. 


Columbia University’s Dept. of Chemical 
Engineering is conducting basic research in 
electroplating under an annual $1700 grant 
from the American Electroplaters’ Society. 
The study is a cooperative research project 
of the metal finishing industry. The grant 
provides for a $1200 fellowship and an ad- 
ditional stipend of $500 for the department, 
to support the research. Edward B. Sau- 
bestre, Elmhurst, N. Y., is the first holder 
of the fellowship. 


Dr. Francis C. Frary, director of research 
for the Aluminum Co. of America, has been 
awarded the James Douglas Metallurgical 
Medal for 1950 by the American Institute 
of Mining & Metallurgical Engineers. The 
Award presented “for distinguished 
achievement in science and contribution to 
society by broadening the field of knowl- 
edge in all phases of the aluminum industry 
and for his notable success in directing a 
vast research project in this industry’. 
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CONTACT 
WELDING 
ELECTRODES 


@ With this entirely mew type of 
rod, welding speeds are increased 
an average of 45%. Welding is 
made much easier by touch-weld- 
ing in all positions; and quality 
uniformly improved through less 
distortion, undercutting, and 
better control. 

Available in two types: Contact 
18 (in conformance with AWS 
E6013 class) for fast all-position 
general-purpose welding, and Con- 
tact 20 (AWS 6020 class) for ex: 
tremely fast production welding 
in horizontal and downhand pos- 


tions. Both AC or DC. 





os ea 


CONTACT. 
Nore WELDING 
[Say ELECTRODES 


*For full details of actual productior esults, 
technical information and prices write 


NORTH AMERICAN PHILIPS 
COMPANY, INC. 

100 East 42nd Street, Dept. W°~* 
New York 17, N.Y. 
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MATERIALS & METHODS 


Where a Standard Fastening Won't Do 


Use 1 § - E @ iA L’ 


From time to time you may encounter bolting jobs in which 
the use of a standard fastening proves impracticable or uneco- 
nomical, or both. In such cases, use a “special’’—a fastening 
specially designed and manufactured to do the particular job. 

Designing and manufacturing special fastenings is itself a 
specialty of Bethlehem’s Lebanon, Pa., plant. Our engineers 
at Lebanon have long experience in meeting unusual fasten- 
ings needs. After studying a bolting problem, they often come 
up with proposals which represent a definite improvement on 
the original idea. 


Fastenings with hook or curved heads? . . . twisted shanks? 

. . cone points? . . . We make them all, as well as hundreds 
of others. In fact there’s hardly a type or size of special fasten- 
ing that we haven't been called upon to make at one time or 
another. In addition to specials, of course we turn out a full 
line of standard bolts and nuts. 


If you have a fastening problem where it looks as though a 
special could be used to good advantage, talk it over with us. 
We'll be glad to study the problem, and offer recommenda- 
tions. To start the ball rolling, get in touch with the nearest 
Bethlehem sales office, or drop a line to us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 


Export Distributor: Bethlehem Steel Export Corporation 








You can work \ 
them harder... 


... but don't make 
them sweat* J, 


x 


Molybdenum high 
steels are 








speed 
in many ways 
superior in performance to 
the equivalent tungsten steels, 
the main difference between 
them being that they require 
a soraewhat different heat 
treatment. 

Hardening temperatures are 
lower— operating costs are 
reduced—fuel is saved— 
furnaces and baths last longer 
and require fewer repairs. 


MOLYBDENUM 
HIGH SPEED 
STEELS 


% Many toolhardeners judge 
the correct high-heat harden- 
ing temperature for tungsten 
(18-4-1) high speed steels by 
the appearance of ‘sweat’ 
on the surface. This rough 
and ready test is not applic- 
able to Molybdenum high 
speed steels, which harden 
at lower temperatures. Our 
free booklet gives full in- 
formation on heat treatment. 


4 








Climax Molybdenum Company \ 


500 Fifth Avenue - New York City 


pani THE Please send me a copy 
cour of your FREE BOOKLET 














Address TREN Sa Sa ee ek J 
Guiy 
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News Digest 


The University of Washington is offering 
five fellowships in its School of Mineral 
Engineering for research in coal and non- 
metallics, in cooperation with the United 
States Bureau of Mines. Fellows begin their 
duties on July 1 or Sept. 1, and continue 
for 12 months, with payments made at the 
end of each month amounting to $1320 
for the year. The fellowships are open to 
graduates of universities and technical col- 
leges who are qualified to undertake investi- 
gations of research character. Applications, 
to be passed upon early in May, should be 
submitted to Drury A. Pifer, Director, 
School of Mineral Engineering, University 
of Washington, Seattle 5, Wash. In addi- 
tion to these fellowships, the University also 
offers an Edward Orton, Jr. Fellowship in 
Ceramic Engineering, and several Engineer- 
ing Experiment Station Fellowships in 
Metallurgy and Ceramics. All carry a sti- 
pend of $110 per month with free tuition. 


A $4000 research grant has been awarded 
to Dr. Max M. Frocht by the Research 
Corporation for fundamental study in three- 
dimensional photoelastic stress analysis. Dr. 
Frocht is a research professor of mechanics 
at the Illinois Institute of Technology. 


The Dept. of Industrial Engineering of 
Columbia University has announced that it 
will conduct a 5-day conference on the 
Costs, Budgeting and Economics of Indus- 
trial Research from June 12 to June 16, 
1950. Additional information may be ob- 
tained by writing to Professor David B. 
Hertz, Dept. of Industrial Engineering, 409 
Engineering, Columbia University, New 
York 27, N. Y. 


As part of its extensive research program, 
the Steel Founders’ Society of America has 
initiated a special project directed to in- 
vestigating and evaluating all known infor- 
mation on the removal of excess metal nor- 
mally developed in the production of steel 
castings. Charles W. Briggs is the technical 
and research director of the project. 


A $1300 research grant has been made to 
the Illinois Institute of Technology by the 
Allegheny Ludlum Steel Corp., for funda- 
mental research in sigma phase formation 
in heat resisting steels. The study will be 
undertaken by Ahmed El Bindari, who re- 
ceived his master’s degree in metallurgical 
engineering at Illinois Tech. 


Donald L. Clark, Lockport, N. Y., has 
been appointed to fill the unfinished term 


| of vice president of the Electric Metal 
| Makers Guild, Inc., made vacant by the 


resignation of E. J. Chelius. 


The first doctor's degree in metallurgy 


| ever awarded to a Brazilian has been granted 


by the Carnegie Institute of Technology to 
Luis Coelho Correa daSilva, now a doctor 
of science in metallurgical engineering. He 
has returned to Sao Paulo, where he will 
rejoin the staff of the Research Institute of 
the State of Sao Paulo. 





GRAPHITE METALLIZING 


CORPORATION 


1010 NEPPERHAN AVENUE, YONKERS 3, NEW YORK 


MATERIALS & METHODS 












On parts like these... 












for maximum protection against 


HIGH TEMPERATURES - ACIDS - GASES - CORROSION | 
There are thousands of “hot spots” in industry where PYRASTEEL parts | You'll do better at Auburn 


provide an extra margin of serviceability and low maintenance cost. 






















PYRASTEEL is a chrome-nickel-silicon alloy with prime qualities for 
resisting oxidation and corrosion up to 2000° F., and for withstanding 
most concentrated or dilute commercial acids, and corrosive gases. 


These are typical of the parts produced by Au- 


| burn’s automatic rotary molding machines; many 
PYRASTEEL insures record endurance and economy in such varied 


applications as furnace parts, carburizing equipment, conveyor screws, | millions of such parts have been turned out by 


refinery fittings, and food processing equipment. EVANSTEEL is used | Auburn during the past 14 years a low prices. 
: for parts subject to severe wear or stress. . 
You too can save money, get top quality, and 


| the well-known Auburn service 
1. if the part is either phenolic, urea, or alkyd; 


2. if the size is not over 2” in diameter or 


equivalent area; 
3. if you can order at least 100,000 at a time. 


If the part is threaded either internally or 


EVANSTEEL 


pi externally, so much the better. Auburn’s ma- 
Clinker Bucket 


chines unscrew such parts automatically. 


Auburn molds any plastic material . . . by any 
modern method .. . and offers complete en- 


gineering. 
PYRASTEEL Fhe know-how we have gained through 74 
Drag Chain years is at your service. Write Auburn Button 


Works, Inc., 400 McMaster St., Auburn, N. Y. 


COMPRESSION, TRANSFER, AND _ INJECTION 
MOLDING, AUTOMATIC ROTARY MOLDING FOR 
MASS PRODUCTION, EXTRUDED ELASTOMERICS, 
REINFORCED PLASTICS (Fiberglas), MOLD ENGI- 
NEERING AND COMPLETE MOLD SHOP 







Write for PYRASTEEL Bulletin 


CHICAGO STEEL FOUNDRY CO. | ie 
Kedzie Avenue & 37th Street * Chicago 32, Ill. Auburn Button Works, lite 


Makers of Alloy Steel for Over 40 Years 


e@ AUBURN NEW Yo 
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Chemical 
Resistant 


RUBBER PARTS 


FEATURE LONG SERVICE LIFE 
UNDER 
HIGHLY CORROSIVE CONDITIONS 


Excellent resistance to chemicals, 
both concentrated and diluted, is 
featured by custom rubber parts 
fabricated from new specially-com- 
pounded stocks developed by The 
Stalwart Rubber Company. These 
new stocks are recommended for 
applications in which parts are sub- 
ject to aniline, acetone, ethyl chlor- 
ide, and numerous other chemicals. 


Stalwart’s special compounds al- 
so feature high resistance to animal 
fats, vegetable oils, ozone, oxygen, 
acids, alkalies, steam, extreme wea- 
thering, sunlight and dry heat. 


Rubber parts made from these 
compounds have outstanding flex 
and abrasion resistance, and di- 
electric properties make them svit- 
able for use in electrical equipment. 


The Stalwart Rubber Company is 
prepared to mold, extrude, and 
die-cut custom rubber parts in lim- 
ited or production quantities from 
special or standard stocks. Recom- 
mended applications include seals 
and stoppers for chemical containers, 
gaskets and washers for systems 
handling highly corrosive acids or 
alkolies, tubing for installation in 
corrosive atmospheres or for convey- 
ing diluted or concentrated chemicals. 


Write for 
Complete Specifications Today. 


STALWART 
RUBBER COMPANY 


Specify Stalwart for Quality 
Custom Rubber Products 


BEDFORD, OHIO 
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Meetings and Expositions 


AMERICAN CERAMIC SOCIETY, an- 
nual meeting. New York, N. Y. 
Apr. 24-26, 1950. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, Process Indus- 
tries Div. conference. Pittsburgh, 
Pa. Apr. 24-26, 1950. 

AMERICAN MANAGEMENT ASSOCIA- 
TION, annual packaging exposi- 
tion. Chicago, Ill. Apr. 24-27, 
1950. 

MACHINE TOOL ELECTRIFICATION 
FORUM. Sponsored by Westing- 
house Electric Corp. Buffalo, N. Y. 
Apr. 25-26, 1950. 

METAL POWDER ASSOCIATION, an- 
nual meeting and exhibit. Detroit, 
Mich. Apr. 25-26, 1950. 

AMERICAN STEEL WAREHOUSE AS- 
SOCIATION, annual meeting. Hous- 
ton, Tex. Apr. 27-28, 1950. 

METAL TREATING INSTITUTE, spring 
meeting. French Lick, Ind. May 
1-3, 1950. 

AMERICAN ELECTROPLATERS SO- 
CIETY, New England Regional 
meeting. Hartford, Conn. May 6, 
1950. 

LIQUIFIED PETROLEUM GAS ASSO- 
CIATION, annual convention and 
trade show. Chicago, Ill. May 8- 
11, 1950. 

AMERICAN FOUNDRYMEN’S § SOCI- 
ETY, annual convention. Cleveland, 
Ohio. May 8-12, 1950. 

AMERICAN TEXTILE MACHINERY 
EXHIBITION. Atlantic City, N. J. 
May 8-12, 1950. 

INDUSTRIAL FURNACE MANUFAC- 
TURERS ASSOCIATION, annual 
meeting. Hot Springs, Va. May 
15-17, 1950. 

NATIONAL DISTRICT HEATING AS- 
SOCIATION, annual meeting. Ashe- 
ville, N. C. May 23-26, 1950. 

SOCIETY FOR EXPERIMENTAL STRESS 
ANALYSIS, spring meeting. Cleve- 
land, Ohio. May 25-27, 1950. 

CANADIAN INTERNATIONAL TRADE 
FAIR. Toronto, Canada. May 29- 
June 9, 1950. 

AMERICAN SOCIETY FOR QUALITY 
CONTROL, national convention and 
Midwest conference. Milwaukee, 
Wis. June 1-2, 1950. 

ELECTRIC METAL MAKERS GUILD, 
annual meeting. Springfield, Ohio. 
June 1-3, 1950. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, summer meeting. French 
Lick, Ind. June 4-9, 1950. 

AMERICAN GEAR MANUFACTURERS 
ASSOCIATION, annual meeting. 
Hot Springs, Va. June 5-7, 1950. 

NATIONAL ASSOCIATION OF PUR- 
CHASING AGENTS, annual con- 
vention. Cleveland, Ohio. June 
12-14, 1950. 

AMERICAN ELECTROPLATERS’ SOCI- 
ETY, annual convention and inter- 
national electrodeposition confer- 
ence. Boston, Mass. June 12-15, 


1950. 











Move AIR, GASES and 
Light Solids through 


SPIRATUBE . . . the amar. 
ing new flexible tubing 
. .. works efficiently both 
ways... blowing... ex. 
hausting. 





A zephyr ora gale... you 
put air where you need it 
with SPIRATUBE. And SPIR- 
ATUBE-R‘s neoprene rub- 
ber cushion rides with the 
punch of abrasive solids. 
It's the new conveying 
tube of industry. Ideal fo: 
dust and fume collection 
and thousands of othe: 
applications. 


| Every advantage you wani 

..« bends at any point... 
no exposed wire to rust o 
obstruct air passage... 





light and easy to carry... 
quick to connect. . . extra 





strong... safe... retracts 





for easy stowage... and 
it’s non-collapsible. 




















-y Let's discuss your problems 
NI... no obligation. New 
“™\ Engineering Catalog avail- 
able, 








MATERIALS & METHODS 








| yoo Went.tee Quality of aes i 
the TEST BAR in Your Castings! FRR Co. < 5 ™ 
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Plastic holder for BAB-O 
scouring powder molded 
by Mack for B. T. 
Babbitt, Inc., leading 
manufacturers of house- 
hold cleansers. 



















Specify FRONTIER 40-E 
ALUMINUM ALLOY! 


Ordinarily the physical properties of an 
» aluminum -alloy casting are less than 
those of a separately-cast test bar. But 
because of the special qualities of FRONTIER 
40-E—the non-heat-treated aluminum alloy—you 
can be sure that the same high qualities which 
show up in the test bar will appear uniformly 
throughout a large casting. The following tables 
tell the story: 


When writing, please 
address inquiries to 
Department E. 






























completely 
to serve you! 


1 2 3 4 5 6 7 8 9 10 | 33 | 12 |13 [14 [15 [16 |17 | 18 
YS.| 22.5} 20.0] 21.2] 20.6] 20.5] 22.0) 20.8] 21.0) 21.8] 22.5] 23.0) 23 4] 23.0) 25.0) 23 8) 22 5 23 5) 24.6 
TS. | 38.3] 33.0} 33.1| 32.7] 33.8] 36.0] 33.8| 32.5| 33.5] 34.5| 34.0) 37 2/ 37.8) 39.0) 36 8) 36 5) 36.7 40.0 
El. | 12.5110.0] 6.0] 4.0] 7.5} 7.5} 8.0] 7.0] 7.0] 75] 70) 8.0] 85| 85) 75} 8.0 7 5} 10.0 
30 |29 |28 |27 |26 |25 |24 |23 |22 |23 |20 | 19 

Y.S. | 22.0|23.0}22.5|21 5/22 5/23.5 |22.5 |43 5/23 5| 23 8 22.8) 23.8 
TS 36.3 35.3 135.3 (35.0 [35.0 |37.3 [34.5 |32.0|32 5/32 5/ 35.0; 38.3 


40-E Step Block Costing Cut Into 42 Test Bors—Physical Properties of each Shown in Squores 
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molding jobs makes good sense. In 





























PROPERTIES OF CASTING (BASED ON TENSILE STRENGTH READINGS) the business since the early days of 

Maximum Minimum Average the industry, MACK has the expe- 

Y.S 22,500 22,500 22,700 rience and the facilities to do the job 

: 40,800 32,500 35,500 right. Choice of materials, design 

: sh L ae 73 and mold making, finishing and 

Write TODAY for full 40-3 D060 thane Gov't. Specifcations delivery are all carefully followed 

rr Anant Exentior U.S. Army-Navy Air Corps AN-A-17 through to insure the best results 

yg; including FREE pat mee he cpap x 9 for you. That’s why many MACK 

1A U.S. Navy, Bureau of Ships customers have been with us for a 
46AI1F Class I (Int) vs 

le A.S.T.M. B-26-46T-ZG41 quarter of a century. Inquiries are 

o-A.E. 310 invited — address Mack Molding 


AXX-1348 





Co., Inc., Main Street. Wayne. N. J. 


>) U.S. Army Ordnance 






WATERLOO 


4874 Packard Road, Niagara Falls, N. Y. a aa ntecha 


| 

he 
1 4 FRONTIER NEW JERSEY 
F > ARLINGTON, 
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Better Paint Jobs 
Better Electroplating 
Better Finishing 
Better Products 


Slash finishing costs to rock- 
bottom in your plant! Amazing 
Pangborn Hydro-Finish cleans far 
faster tham hand methods, yet 
holds tolerances to .0001''! Hydro- 
Finish cannot harm your product’s 
sharp edges or corners, forms a 
perfect “‘tooth”’ for non-peel elec- 
troplating, finishing or painting. 


Hydro-Finish makes threaded 
pieces turn easily .. . forms millions 
of little “oil pockets’”’ in lubricated 
pieces to prolong product life. 
Fatigue failure is reduced because 
Hydro-Finish removes or blends 
grinding lines, etc! 


Hydro-Finish is also valuable in 
your tool room—cleans production 
tools and dies in a fraction of the 
time needed for expensive hand 
cleaning. 


WRITE TODAY for Bulletin 1400. 
Contains full facts on Pangborn 
Hydro-Finish and Pangbornite 
Abrasive. For your free copy, 
address: PANGBORN CORPORATION, 
1203 Pangborn Blvd., Hagers- 
town, Maryland. 


angborn 


BLAST CLEANS CHEAPER 
with the right equipment 
for every job 








BOOK REVIEWS 


Welding Handbook 


WELDING HANDBOOK. THIRD EDITION. 
Published by the American Welding Soci- 
ety, New York 18, N. Y., 1950. Cloth, 6 
by 9 in., 1651 pages. Price $12.00. 


At long last the Third Edition of the 
Welding Handbook has come off the press. 
Four years work and the experience of more 
than 250 experts in the welding field have 
resulted in an up-to-date authoritative vol- 
ume that should prove useful to anyone con- 
nected in any way with welding including 
engineers, designers, welding foremen and 
inspectors, manufacturers of welding equip- 
ment, and salesmen. 

Twenty-seven chapters are devoted to the 
more than 30 welding and cutting processes. 
Information on each process covers the 
equipment used, the basic principles of op- 
eration, and the application of the process 
for different metals and different industrial 
applications. 

Thirteen chapters contain information on 
the ferrous and nonferrous metals com- 
monly welded, including their general prop- 
erties, how to weld them with the different 
welding processes, and their use by different 
industries. Metals covered include iron, 
wrought iron, carbon and low-alloy steels, 
chromium steels, chromium-nickel steels, 
manganese steels, aluminum, magnesium, 
copper and nickel and their alloys, lead, 
zinc, clad steels and applied liners. 

A group of eleven chapters cover design, 
material, workmanship and inspection re- 
quirements for industrial applications such 
as aircraft, bridges, buildings, railroads, 
storage tanks, pressure vessels and boilers, 
ships, automotive products, pipelines, in- 
dustrial piping and machinery. Additional 
chapters are devoted to estimating costs, 
physics of welding, welding ‘metallurgy, a 
dictionary of welding terms and definitions, 
general engineering tables for shop and of- 
fice use, and welding standards, including 
welding symbols, filler metal specifications 
and standard tests for welds. 

The Third Edition of the Welding Hand- 
book contains several features which are in- 
tended to make it more useful for ready 
reference. The arrangement of the text in 
each group of chapters, i.e., metals, proc- 
esses and applications, is the same insofar 
as possible so that the reader might expect 











lets you determine the 


DRAWING QUALITY 
of SHEET METAL 


Use it for receiving, 
inspection and quality 
CONTROL 





Depth of draw 
indicated by 


direct reading 


DUCTILITY 


TESTING MACHINE 
Model PA-2 


HOUSANDS of dollars of scrap ma- 

terial can often be saved by making 
this simple cup test. A flick of a switch 
operates machine. Speed of piston 
travel is adjustable within a wide range 
by simple dial setting. Load is applied 
automatically and uniformly to grip the 
specimen, followed immediately 5; 
penetrator to form cup. Pressure is 
accurately shown on large gauge with 
maximum indicating hand; depth o! 
draw shown on depth indicator. Hy- 
draulically operated. Model PA-2 has 
15,000 Ib. capacity for stock up to 
thick; Model PA-3 has 30,000 |b 
capacity for stock up to 1" thick 
W rite for literature. 


Give Us Your TESTING PROBLEM 


We have a thirty year record of solving 
testing problems for leading industries 
in America. We have a full line © 
Brinell hardness, transverse, tensile, 
ductility, compression and hydrostatic 
testing machines. We can produce the 


machine you need. Write for inform 
tion on our entire line or send us details 
of your problem. 






8833 LIVERNOIS AVENUE + DETROIT 4, MICH 
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BONDING or 


We bond rubber to metal parts in molds to provide the 
designer with an efficient method of simplifying design 
and cutting costs in applications requiring shock absorp- 
tion, sound abatement, electrical insulation or conduc- 
tivity, corrosion-resistance, protection against abrasion, 
etc. Send specifications 
and prints, or request our 
engineers’ recommenda- 


PROCESS COMPANY : 
tions. 


NEW BEDFORD, MASS.., U. S. A. 
Address all correspondence to 750 Belleville Avenue 





THE OHIO NUT & BOLT CO. e BEREA, OHIO 


OHIO WELD NUTS 
FOR PROJECTION WELDING 


Range of thread sizes shown for each part. 


Type WS, Square Type WR, Rectangular 





#6-32 to 4-20 #6-32 to %-18 


WS and WR Weld Nuts are made of low carbon steel. 


Type WF, Flanged Type WW, Watertight 





‘5-40 to 3-24 #6-32 to 44-13 


WF and WW Weld Nuts are made of low carbon 


steel and brass and up to 4-20 size in stainless steel. 


For information and samples 
send to 


THE OHIO NUT & BOLT COMPANY 


rirst Avenue Berea, Ohio 
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OF POWDER 
METALLURGISTS 


pore METALLURGY is the modern way of manufacturing many 
products because of the unbelievable cost savings produced from 
this automatic, high speed production method. On Kux Presses, 
porous, self-lubricating bearings, carbon brushes, and insulators, 
Alnico magnets, carbide tool bits, magnetic radio cores, contact 
buttons, gears, cams and literally thousands of other items are 
accurately and automatically made. 


be dis | 


ea of the most complete line of machines for this industry, 
Kux Presses are selected by leading manufacturers for the 
superiority in design and construction built into every model. Send 
penny post card for detailed information and illustrated catalogue. 


Model No. 65 
Tablet Dia 
Die Fill 


Pressure 





KUX MACHINE COMPANY 


3924 WEST HARRISON STREET * CHICAGO 24, ILLINOIS 
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RECIPROCATING, CONTROLLED ATMOSPHERE FURNACES 
SUITED TO WIDE RANGE OF GENERAL AND ATMOSPHERE WORK 
VERSATILE. A.G.F. Reciprocating Furnaces are suited to continuous clean hardening, 


annealing, normalizing, case-hardening by the patented Ni-Carb process, etc. Work 
treated in the same furnace may range from extremely small light springs, stampings, 


drop forgings, etc. up to quite large and heavy pieces. 


THE RECIPROCATING MUFFLE advances work through the heat by its own momentum. 
Heat losses and maintenance problems are reduced to a minimum by the complete 
elimination of conveying mechanism from the heating chamber. There is no traveling 
belt to be alternately heated and cooled—only work enters and leaves the furnace. 





Write for Bulletin 815-AB today. 


AMERICAN GAS FURNACE CO. 


142 SPRING STREET - 


ELIZABETH, N. J. 











WHAT CAN POWDER METALLURGY DO 


FOR YOU? 


This book tells you, 


in complete detail, the production 
methods, characteristics, and uses 
of products that may be of great 


advantage to you. 


POWDER 
METALLURGY 


@ is written by Dr. Paul Schwarzkop}, Presi- 
dent of the American Electro Metal Corp., 
and his associates. Dr. Schwarzkopf has 
spent 30 years in the highly successful 
development of powder metallurgy and 
holds hundreds of the basic patents. In 
this book he gives much production in- 
formation usually unobtainable on a de- 
veloping technology. 


@ fully explains the production, characteris- 
tics and uses of dense materials, porous 
products, refractory metals, hard metals, 
electric contact materials, magnetic mate- 
rials, and friction parts. It includes the 
underlying theory as well as _ practical 
techniques 


@ covers the latest postwar developments, 
both here and abroad, on both the theo- 
retical and the production aspects of the 
subject, with highly valuable material on 
high-strength, heat-resistant 
special importance in many 
gineering problems. 
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POWDER METALLURGY 
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“The best, most stimulating work 
on the subject ... It will not only 
repay but will demand most care- 
ful study. Every metallurgist will 
want to have and use this book.” 

H. W. G., Metal Industry 


SEE IT ER EE Seeeeeeeeeneeeeeessenens 


THE MACMILLAN CO., 
60 Fifth Ave., New York 11 


Please send me a copy of POWDER 
METALLURGY @ $8.00, with the un- 
derstanding that my bill will be canceled 
if I return it within 10 days. 


Signed 
Address 


Company 
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Book Reviews 


Ontinued 


to find the same type of informa: 
same relative location in each chapter with. 
in any one group. The more than 
tables included contain reference data o, 
welding procedures, properties metals 
properties of welds, code requirements an; 
test results. A 69-page index makes jt Dos. 
sible to readily find specific information and 
related information contained in the differ. 
ent chapters. Both the index and the text 
itself are extensively cross-referenced. [tem 
in the index have been grouped by weldin, 
processes, by metals, by applications, an 
have been further grouped by the common 
divisions of engineering such as design 
workmanship, inspection, etc. Each item \ 
also separately listed in alphabetical orde, 


Q in the 
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Other New Books 


Tae Sonuimpirication or Castines. By R. Ff 


dle. Published by The Institute of M 
S.W. 1, England, 1950. Cloth, 5} 
116 pages. Price $2.00. The practical 


will find of 
scribed for the study of solidification rates 
ings, and the results obtained by thei: 
is No. 7 of the Institute of Metals’ M 
and. Report Series. 


considerable interest the 


Puenomena, Aroms anp Motecu res. By [roin 
Langmuir. Published by Philosophical Library, \ 
York 16, N. Y., 1950. Cloth 6% by 9% in 
pages. Price $10.00. A selection of 20 


lished by the author since 1909 t 
interpret phenomena in terms of 
atomic and lar intera 
Weutpinc Dictionary. Compiled 
R. N. Thompson and G. Haim. Pu 


Louis Cassier Co., Ltd., London, S. E 


1950. Distributed in the United Stat 
Books Centre, New York, N. Y., and in 
by Iliffe &¥ Sons, Ltd., London, S. E. ! 


5 by 7% Price 21s. Ti 

has been divided into four parts—Frer 

Spanish and English—the English part | 

as a key glossary with equivalents in the 
languages. Entries include, apart from terms wii 
are specifically related to welding, many 
pertaining to electrical and 
and to metallurgy. 


in., 234 pages 


mechanica 


Tue CHEMISTRY AND MeTALLURGY 
neous MarTerRIALts: THEKMODYNAMICS 
Laurence L. Quill. Published by McGr 
New York 18, N. Y., 1950. Cloth 
in., 329 pages. Price $3.00. This book 
19B of the National Nuclear Energy 
taining results of surveys on the 
properties of the elements and _ sevé 
compounds, surveys on the crystal 
many materials, papers on geochemist! 
berylliut 
elements, etc. periorme j 


chemistry and metallurgy of 
rare-earth 
hattan Project 


Technical Section 
Energy i 


Commissior 


Nos-Ferrous Merat MELTING ANI 


INcors ror Worxinc. Published by 
of Metals, London, S. W. 1, Englana 
534 by 8% in., 168 pages. Price $2.° 


posium on the metallurgical 
metal melting and casting of ingots for 
in London during the annual meeting 

tute, Mar. 31, 1949, is incorporated in 
graph and Report Series No. 6. 


aspects 
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